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(54) METHOD OF CONTROLLING INTERNAL COMBUSTION ENGINE 

(57)Abstract: r ^ ri 
PROBLEM TO BE SOLVED: To provide a method of 
controlling for an internal combustion engine to high- 
precisely calculate an effective pressure index by a 
cylinder pressure detected by a seat type pressure 
sensor and control the combustion state of an internal 
combustion engine to an optimum based on a 
calculated effective pressure index. 
SOLUTION: In an internal combustion of an 
embodiment, after a value obtained by subtracting a 
pressure integration value A before a top dead center 
from a pressure integration value B after a top dead 
center calculated by integrating a cylinder pressure 
detected by an ignition plug 1 1 with a built-in 
pressure sensor is divided by a first correction 
reference value C being a difference of a cylinder pressure at a BTC20 0 CA and a TDC90 0 
CA, by subtracting a second correction reference value D being a value of an effective 
pressure index during shut-off of fuel, an effective pressure index An is calculated. This 
method corrects the error of a detecting cylinder pressure and calculates the accurate 
effective pressure index An. Further, by controlling an ignition timing, an air-fuel ratio, an 
ECR amount, and a fuel injection timing based on the effective pressure index An during 
steady operation of the internal combustion engine, a combustion state is controlled to an 
optimum. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



Claim 1] An internal combustion engine's cylinder internal pressure is detected by detecting change 
of an ignition plug bolting load by the piezoelectric device with which the mounting eye of an 
Sr P lug was equippld. It is tine internal combustion engine control approach which controls an 
internal combustion engine based on the effective pressure characteristic used as an mtema 
combustion engine's source of power computed based on this cylinder internal pressure^ A Aop dead 
center total-pressure impulse part value is computed by integrating with said cylinder internal 
Pressure within a fixed period defined after an inlet valve closes before the crank ang e reached the 
top Suiter. An after [ a top dead center ] pressure integral value is computed by integrating with 
Sid cylinder internal pressure within a fixed period defined after a crank angle reaches said top dead 
center before the exhaust valve opened. The internal combustion engine control approach 
characterized b:^ 'computing the difference of said after [ a top dead center ] pressure integral Rvalue, 
and said top dead center total-pressure impulse part value as an effective pressure characteristic, 
rciakn 2 ft computes by integrating with said cylinder internal pressure within a period until a crank 
a^Se reaches said top dead center from before [ a top dead center ] 90-degreeCA in said integral-m 
St of CdeafcenL value. It computes by integrating with said cylinder internal pressure ; within 
period after a crank angle reaches said top dead center in said integral-behind top dead center value 
until it reaches 90-degreeCA after a top dead center. The internal combustion engine control 
™ch according tf claim 1 characterized by computing the difference of said after a top dead 
Ser ] pressure integral value, and said top dead center total-pressure impulse part value* an 
effective pressure characteristic, and controlling an internal combustion engme based on this 
effective pressure characteristic. 

TClaim 31 1 The difference of said cylinder internal pressure at the different 2 time among said 
cy i n emal pressure detected after an inlet valve closes before [ before ignition timing ] is set 
up i the 1st amendment reference value. By **(hig) further said effective f^<*™££* 
computed as a difference of said after [ a top dead center ] pressure integral value, and said top dead 
ceSer total-pressure impulse part value with said 1st amendment reference value, it amends and an 
Smafcombustion engine iscontrolled based on the this amended effective pressure characteristic, 
The internal combustion engine control approach according to claim 1 or 2 by which it is 

fckun^fr^the internal combustion engine control approach given in either of claim 1 to claims 3 
Se u^the effective pressure characteristic which computes the effective pressure characteristic in all 
operational status including the time of flame-failure operation, and is computed at the time of said 
flame-failure operation as the 2nd amendment reference value, and by lengthening said 2nd 
amendment reference value from said effective pressure characteristic usually computed at the time 
of operation The internal combustion engine control approach characterized by controlling an 
internal combustion engine based on said effective pressure characteristic which usually amended 
the effective pressure characteristic at the time of operation, and was this amended, 
rciaim 51 The internal combustion engine control approach given in either of claim 1 to claims 4 
characterized by judging whether an internal combustion engine's operational status is stable 
computing said effective pressure characteristic at the time of steady operation whose operational 
status of an internal combustion engine is stable at least, and controlling an internal combustion 
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engine based on the this computed effective pressure charactenstic. 

rClaim 61 It is the internal combustion engine control approach which controls ignition timing based 
on said effective pressure characteristic computed at the time of steady operation of an internal 
combustion engine. When said effective pressure characteristic computed after changing only the 
ienition timing variation which was able to set ignition timing beforehand becomes larger than the 
effective pressure characteristic computed before changing ignition timing Next ignition timing is 
changed in the same direction as the change direction by said ignition timing variation. When said 
effective pressure characteristic computed after changing only the ignition timing variation which 
was able to set ignition timing beforehand on the contrary is below an effective pressure 
characteristic computed before changing ignition timing The internal combustion engine control 
approach according to claim 5 characterized by controlling ignition timing by changing next ignition 
tkning to an opposite direction with the change direction by said ignition timing variation. 
rClaim 7] It is the internal combustion engine control approach which controls an air-fuel ratio or the 
amount of EGR(s) based on said effective pressure characteristic computed at the time of steady 
operation of an internal combustion engine. After changing only the amount of fuel oil consumption 
and the amount of EGR(s) which was able to define either beforehand at least When the value 
showing the breadth of distribution of the effective pressure characteristic by which only the count 
appointed beforehand is computed is below a decision value defined beforehand Even i Mhere 
little control which decreases fuel oil consumption, and control to which the amount of EGR(s) is 
made to increase, one of control is performed. On the contrary, after changing only the amount of 
fuel oil consumption and the amount of EGR(s) which was able to define either beforehand at least 
When the value showing the breadth of distribution of the effective pressure characteristic by which 
only the count appointed beforehand is computed becomes larger than the decision value defmed 
beforehand The internal combustion engine control approach accordmg to claim 5 or 6 characterized 
by controlling an air-fuel ratio or the amount of EGR(s) by [ of the control to which fuel .oil 
consumption is made to increase, and the control which decreases the amount of EGR(s) ] 
performing one of control at least. <• * „j„ 

rClaim 8] It is based on said effective pressure characteristic computed at the time of steady 
opSon of the internal combustion engine of a direct injection mold. Th 7 ffect £^ 
characteristic computed after changing only the fuel-injection-timmg variation which is tt* mternal 
combustion engine control approach which controls fuel injection timing, and was able to et fuel 
injection timing beforehand When becoming larger than the effective P ress ^\ ch ^ t ^ C Qflme 
computed before changing fuel injection timing Next fuel injection timing is changed in the same 
dSon as the direction by said fiiel-injection-timing variation. When the effective pressure 
cEcteristic computed after changing only the fuel-injection-Jmmg variation which w* able to set 
fuel injection timing beforehand on the contrary is below an effective pressure 
computed before changing fuel injection timing The internal combustion engine control approach 
SSScSrfctato 5 to claims 7 characterized by controlling fuel ejection timing by changing 
next fuel injection timing to the direction and opposite direction by said fuel-mjection-timmg 
variation. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[field of the Invention] This invention relates to the internal combustion engine control approach 
which controls an internal combustion engine based on the effective pressure characteristic which 
computed and computed an internal combustion engine's effective pressure characteristic based on 
the cylinder internal pressure detected by the piezoelectric device prepared for the internal 
combustion engine. 

[Description of the Prior Art] In an internal combustion engine, as an approach for performing 
judgment of an internal combustion engine's combustion condition, detection of knocking, 
improvement in fuel consumption, exhaust gas normalization, etc., the pressure (cylinder mternal 
pressure) of a combustion chamber is detected, and there is the approach of judging based on tins 
cylinder internal pressure. Moreover, since cylinder internal pressure changes according to actuation 
of an internal combustion engine, it can compute the indicated mean effective pressure used as an 
internal combustion engine's source of power based on change of cylinder internal pressure. The 
indicated mean effective pressure in which an internal combustion engine s combustion condition 
was reflected correctly can be obtained by computing indicated mean effective pressure especially 
based on change of the cylinder internal pressure in the whole 1 combustion cycle. 
r00031 And there is a method of detecting the pressure fluctuation of the combustion chamber spread 
to a pressure pilot hole by preparing the pressure pilot hole which leads to a combustion chamber in 
the cylinder head as an approach of detecting cylinder internal pressure, for example, and equipping 
a pressure pilot hole with a pressure sensor. However, this cylinder internal pressure detection 
approach has the problem that cost becomes high while an internal combustion engine s structure 
becomes complicated, since it is necessary to process the cylinder head in order to prepare a pressure 

Fo0041 0 To this problem, a pressure sensor is arranged into the mounting eye part of an ignition plug, 
and the seat type pressure sensor which detects cylinder internal pressure is proposed by A^faon 
of the bolting load when binding an ignition plug tight to the cylinder head (refer to JP,6-290853,A). 
Thereby processing for preparing a pressure pilot hole in the cylinder head becomes unnecessary, 
and it becomes possible to detect cylinder internal pressure by low cost, without processing an 
internal combustion engine's structure intricately. 

T0005] „. 
TProblemfs) to be Solved by the Invention] However, since a seat type pressure sensor is the 
structure where fluctuation of the bolting load of an ignition plug detects cylinder internal pressure, 
when influenced of the taking-a-seat noise of an inlet valve and an exhaust valve, it has the problem 
that the output signal of the detected cylinder internal pressure will separate from actual pressure 
variation greatly. Therefore, when a seat type pressure sensor is used, it is difficult about the whole 1 
combustion cycle including the time of actuation of an inlet valve and an exhaust valve to detect 
cylinder internal pressure correctly, and it becomes difficult in precision to compute correctly an 
internal combustion engine's indicated mean effective pressure computed based on the cylinder 
internal pressure in the whole 1 combustion cycle. 

[0006] In order to check the effect of the noise by the inlet valve and the exhaust valve here, the 
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output signal wave of the seat type pressure sensor at the time of operation of an internal combustion 
engine is shown in drawing 2 . According to the output signal wave shown in drawing 2 , by the seat 
type pressure sensor, it turns out that the output signal wave (cylinder mterna^ ^ Pf^)l s ^|^ at 
the time of close [ of an inlet valve ], and open [ of an exhaust valve ] (INTAKE VALVE CLOSE) 
(EXHAUST VALVE OPEN). 

r00071 Moreover, as for the piezoelectric device which constitutes a pressure sensor, it is also known 
with temperature that output characteristics will change. Here, change of the property over tiie 
temperature change of a piezoelectric device is shown to drawing 10 R> 0 (a). Drawing 10 (a) 
oZmrte of change on the coordinate plane which makes 0% the output charge of the pressure 
sensor at the time of 20 degrees C, expresses the rate of change of the output charge of the pressure 
sensor by the temperature change, makes an axis of abscissa temperature, and makes m a™ of 
ordinate rate of change. The property of the pressure sensor shown m drawing 1010 (a) shows that 
the output charge (henceforth an output signal) of a pressure sensor changes with temperature 

rOCKMAnd individual difference exists in sensibility slightly and it turns out that some error 
resulting from individual difference is in an output signal at the piezoelectric device which 
constitutes a pressure sensor. Moreover, since the charge which a piezoelectric d ^ ce . out P uts 1 . 1 !. no 
minute, generally the output signal of a piezoelectric device is amplified and used by the amplifying 
circuit For this reason, if the error which is tolerance as a piezoelectric-device simple substance is 
also amplified by the amplifying circuit, it will become the value which cannot disregard this error. 
r00091 The measurement result of the measurement which checks the existence of the error of the 
output signal in a piezoelectric device here and which went to accumulate is shown in drawing 3 (a). 
Measurement detected cylinder internal pressure using the amplifying circuit by two seat type 
pressure sensors (a sensor 1, sensor 2) of isomorphism, and the insertion mold pressure sensor in a 
cylinder formed in the pressure pilot hole which leads to a combustion chamber, and was performed 
by computing the difference of the integral value of the cylinder internal pressure a top dead center 
front and after a top dead center. In addition, the difference of this integral value is called an 
effective pressure characteristic, and drawing 3 (a) describes it, and shows the relation of each 
effective pressure characteristic computed using the seat type pressure sensor to toe effective 
pressure characteristic computed using the insertion mold pressure sensor in a cylinder. The 
measurement result shown in drawing 3 (a) shows that the computed effective pressure 
characteristics differ, even if it is the seat type pressure sensor of isomorphism. This shows that the 
error of the output signal by the individual difference of the sensibility of a piezoelectric device 

exists j 
rOOlOl Furthermore, if the bolting loads at the time of ignition plug installation differ m order to 
detect cylinder internal pressure by detecting the bolting load of an ignition plug a difference will 
produce a seat type pressure sensor in fluctuation of the bolting load by change of cylinder internal 
pressure Even if it uses the instrument which measures bolting loads, such as a torque wrench, it 
will be actually difficult to unify a bolting load even into extent which does not influence pressure 
detection of a seat type pressure sensor strictly. Therefore, the output charactemtics of &e ^tecUon 
pressure force of a seat type pressure sensor will be influenced by the individual difference of the 
bolting load of an ignition plug. - 
[001 11 Here, the rate of change of the detection pressure force of the seat type pressure sensor by 
change of bolting torque is shown to drawing 10 (b). drawing 10 (b) - bolting torque - 25 N-m it is 
- the relation between the bolting torque when changing bolting torque and m [™??™^ S . e 
shown, using the output signal of the seat type pressure sensor at the time as 100%. If M^"*" 
becomes small, rate of change will fall (an output charge becoming small), and if bolting torque 
becomes large, rate of change will rise, as shown in drawing 10 (b) (an output charge becomes 
large). This shows that the output signal of a seat type pressure sensor is changing when bolting 

rOOlTl ThustTince an error is included in an output signal by individual difference such as 
temperature, sensibility, and bolting torque, a seat type pressure sensor has a possibility that cylmder 
internal pressure with a high precision may be undetectable. For this reason, it is difficult in 
precision to compute an internal combustion engine's effective pressure characteristic correctly based 
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on change of the cylinder internal pressure detected by the seat type pressure sensor. 
r00131 Moreover, combustion gas has generated change of the bolting load by cylinder internal 
Pressure by pressing down an ignition plug. And since combustion gas enters the opening which 
exists in coincidence between the screw section of the subject metallic ornaments of an ignition plug, 
and the screw section of the cylinder head, even if actual cylinder internal pressure falls, a residual 
pressure will occur according to the outflow delay of the combustion gas which exists in the opening 

^OO^mere.Smeasurement result of the measurement which checks that the effect by the residual 
pressure exists in the cylinder internal pressure detected by the seat type pressure sensor and which 
went to accumulate is shown in drawing 4 . Measurement was performed by detecting the cylinder 
internal pressure of the same combustion chamber using the seat type pressure sensor and the 
insertion mold pressure sensor in a cylinder formed in the pressure pilot hole which leads to a 
combustion chamber. By drawing 4 (a), a dotted line describes the cylinder internal pressure which 
detected the cylinder internal pressure detected by the seat type pressure sensor by the insertion mold 
pressure sensor in a cylinder as the continuous line on the coordinate plane which uses an axis of 
abscissa as a crank angle, and makes an axis of ordinate cylinder internal pressure, and a 
measurement result is shown. The cylinder internal pressure of the same value also as each pressure 
sensor is detected until it reaches the peak value of cylinder internal pressure from the measurement 
result shown in drawing (a), but the value is [ the direction of the cylinder internal pressure which a 
seat type pressure sensor detects rather than the cylinder internal pressure which the insertion mold 
pressure sensor in a cylinder detects ] large after going through the peak value of cylinder internal 
pressure Moreover, the cylinder internal pressure which detected the cylinder internal pressure 
detected by the seat type pressure sensor on the axis of ordinate by the insertion mold pressure 
seSoi in ^cylinder o^the axis of abscissa is set as drawing 4 (b), and the RISAJU wave about the 
cylinder internal pressure which each pressure sensor detected is shown. It turns out that the value is 
r the direction of the cylinder internal pressure which a seat type pressure sensor detects also from 
the result of drawing 4 (b) rather than the cylinder internal pressure which the insertion mold 
pressure sensor in a cylinder detects ] large. _ v, ; „w t u a „ 

r00151 This measurement result shows having detected the pressure (residual pressure) higher than 
me cylinder internal pressure which the insertion mold pressure sensor in a cylinder detec s by the 
seat type pressure sensor behind a top dead center (henceforth TDC). And under the effect of this 
residual pressure, the cylinder internal pressure which a seat type pressure sensor detects after 
combustion of gaseous mixture will decrease more nearly gently than the cyhnder internal pressure 
which the insertion mold pressure sensor in a cylinder detects, and it becomes difficult to detect 
actual cylinder internal pressure correctly. . 
r00161 Therefore, the effective pressure characteristic computed based on the cylinder internal 
pressure detected by the seat type pressure sensor may produce an error under the effect by the 
residual pressure of the individual difference by bolting torque, temperature, etc. of the noise by the 
inlet valve and the exhaust valve, and an ignition plug, and the screw section And since such 
individual difference and the error under the effect of a residual pressure are determined when they 
actually attach a seat type pressure sensor in an internal combustion engine body, the error for every 
seat type pressure sensor is beforehand measured before installation, and they cannot be amended by 
setting up an amendment reference value. Moreover, although it is also possible to amend an error 
using the amendment reference value which measured the error and was set up according to the error 
when" a seat type pressure sensor is attached, the condition is always changing and the internal 
combustion engine under operation has the problem that a possibility that the output characteristics 
of a seat type pressure sensor may change cannot amend the error by aging for a certain reason, 
either, with time amount progress. . . 

[00171 This invention is made in view of such a problem, and aims at offering the internal 
combustion engine control approach which computes an effective pressure characteristic with a 
sufficient precision with the cylinder internal pressure which a seat type pressure sensor detects and 
controls an internal combustion engine's combustion condition the optimal based on the computed 
effective pressure characteristic. 
[0018] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



4/12/2006 



JP,2001 -1 52952.A [DETAILED DESCRIPTION] Page 4 of 22 

[Means for Solving the Problem] Invention according to claim 1 made in order to attain this purpose 
An internal combustion engine's cylinder internal pressure is detected by detecting change of an 
ignition plug bolting load by the piezoelectric device with which the mounting eye of an ignition 
plug was equipped. It is the internal combustion engine control approach which controls an internal 
combustion engine based on the effective pressure characteristic used as an internal combustion 
engine's source of power computed based on this cylinder internal pressure. A top dead center total- 
pressure impulse part value is computed by integrating with the cylinder internal pressure within a 
fixed period defined after an inlet valve closes before the crank angle reached the top dead center. 
An after [ a top dead center ] pressure integral value is computed by integrating with the cylinder 
internal pressure within a fixed period defined after a crank angle reaches a top dead center before 
the exhaust valve opened. The difference of an after [ a top dead center ] pressure integral value and 
a top dead center total-pressure impulse part value is computed as an effective pressure 
characteristic, and it is characterized by controlling an internal combustion engine based on this 
effective pressure characteristic. 

[0019] Although power is generated in the internal combustion engine with the pressure generated 
by burning gaseous mixture in a combustion chamber, the pressure used as an internal combustion 
engine's source of power is a pressure (cylinder internal pressure) of the combustion chamber after a 
top dead center. However, the pressure of the combustion chamber generated in front of a top dead 
center is used in order to generate the pressure of the combustion chamber after a top dead center. 
From this, it can be judged that the difference of the integral value of the cylinder internal pressure 
after a top dead center and the integral value of the cylinder internal pressure in front of a top dead 
center is the pressure actually used as an internal combustion engine's source of power. Therefore, 
the pressure actually used as an internal combustion engine's source of power is computable by 
searching for the difference of an after [ a top dead center ] pressure integral value, and a top dead 
center total-pressure impulse part value like the calculation approach of the effective pressure 
characteristic in the internal combustion engine control approach of this invention (claim 1). On 
these specifications, this pressure shall be defined as an effective pressure characteristic. 
[0020] Moreover, since the cylinder internal pressure detected by the piezoelectric device with which 
the mounting eye of an ignition plug was equipped is detected by change of a bolting load, it will be 
influenced of the oscillating noise by taking a seat of an inlet valve and an exhaust valve Then, by 
defining the detection period of cylinder internal pressure like the calculation approach of the 
effective pressure characteristic in the internal combustion engine control approach according to 
claim 1 the effect of the oscillating noise by taking a seat of an inlet valve and an exhaust valve can 
be avoided, cylinder internal pressure can be detected, it is in charge of calculation of an effective 
pressure characteristic, and it is lost that the error by the taking-a-seat noise arises. 
[0021] The measurement result of the measurement which checks that the value computed as an 
effective pressure characteristic here by the calculation approach of the effective pressure 
characteristic in the internal combustion engine control approach of this invention (claim 1) turns 
into a value replaced with the value which shows the indicated mean effective pressure used as an 
internal combustion engine's source of power and which was performed for accumulating is shown 
in drawing 12 . Measurement was performed by computing the indicated mean effective pressure in 
the whole 1 combustion cycle using the insertion mold pressure sensor in a cylinder while it 
computed the effective pressure characteristic by the calculation approach of the effective pressure 
characteristic in this invention approach using the seat type pressure sensor. In addition, indicated 
mean effective pressure is an index used also in case the combustion efficiency of the internal 
combustion engine with which displacement differs is compared, and shows the value which 
reflected correctly the pressure used as an internal combustion engine's source of power. 
[0022] The measurement result shown in drawing 12 shows that an effective pressure characteristic 
has proportionality to indicated mean effective pressure. Therefore, the effective pressure 
characteristic computed by the calculation approach of the effective pressure characteristic in this 
invention approach can be used as a value replaced with the value showing the indicated mean 
effective pressure used as an internal combustion engine's source of power. 
[0023] And since a value changes according to an internal combustion engine's combustion 
condition, an effective pressure characteristic can be used as an index showing the combustion 
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condition of the gaseous mixture in an internal combustion engine. Therefore, operation of the 
internal combustion engine in the optimal combustion condition is attained by controlling an internal 
combustion engine based on this effective pressure characteristic, so that a combustion condition 
improves. 

[0024] Therefore, without being influenced of the taking-a-seat noise of an inlet valve and an 
exhaust valve based on the cylinder internal pressure detected by the seat type pressure sensor 
according to the internal combustion engine control approach of this invention (claim 1), an internal 
combustion engine's effective pressure characteristic can be computed with a sufficient precision, 
and it becomes possible to control an internal combustion engine's combustion condition the optimal 
based on an effective pressure characteristic. 

[0025] in addition — as the calculation approach of the pressure integral value of cylinder internal 
pressure — for example, cylinder internal pressure — every fixed time amount — or the approach of 
computing a pressure integral value may be used by integrating for every fixed crank angle. 
Moreover, the cylinder internal pressure at the time of internal combustion engine operation starts a 
rise, and serves as maximum from per [ before / a top dead center / 90 degreeCA (henceforth 
BTDC90"CA) ] in the hit which went through the top dead center slightly, descent is started after 
that, and it changes to condition of continuing descent to per [ after / a top dead center / 90 degreeCA 
(henceforth ATDC90 M CA) ]. Moreover, generally, the closing stage of an inlet valve is a front [ CA / 
BTDC90"], and the open stage of an exhaust valve is the back [ CA / ATDC90"]. 
[0026] In the internal combustion engine control approach of the above [ this ] It computes by 
integrating with the cylinder internal pressure according to claim 2 within a period until a crank 
angle reaches a top dead center from before [ a top dead center ] 90-degreeCA in an integral-in front 
of top dead center value like. It computes by integrating with the cylinder internal pressure within a 
period after a crank angle reaches a top dead center in an integral-behind top dead center value until 
it reaches 90-degreeCA after a top dead center. It is good to compute the difference of an after [ a top 
dead center ] pressure integral value, and a top dead center total-pressure impulse part value as an 
effective pressure characteristic, and to control an internal combustion engine based on this effective 
pressure characteristic. 

[0027] That is, cylinder internal pressure can be detected without being able to detect certainly 
change of the cylinder internal pressure by combustion of gaseous mixture, and being influenced of 
the taking-a-seat noise of an inlet valve and an exhaust valve by computing an integral-in front of top 
dead center value, and an integral-behind top dead center value in this way, and the effective 
pressure characteristic used as an internal combustion engine's source of power can be computed 
certainly. 

[0028] Moreover, if the die length of the period which computes an integral-in front of top dead 
center value and an integral-behind top dead center value differs, respectively, the mistaken effective 
pressure characteristic will be computed. However, in this invention (claim 2), since the integral 
period from before [ a top dead center ] 90-degreeCA to a top dead center and the integral period 
from a top dead center to after [ a top dead center ] 90-degreeCA have the the same die length of the 
period which is symmetrical and computes an integral value about TDC, they can compute an 
effective pressure characteristic correctly. 

[0029] Therefore, operation of the internal combustion engine in the optimal combustion condition is 
attained by controlling an internal combustion engine based on this effective pressure characteristic, 
so that a combustion condition improves. Therefore, without being influenced of the taking-a-seat 
noise of an inlet valve and an exhaust valve based on the cylinder internal pressure detected by the 
seat type pressure sensor according to the internal combustion engine control approach of this 
invention (claim 2), an internal combustion engine's effective pressure characteristic can be 
computed with a sufficient precision, and it becomes possible to control an internal combustion 
engine's combustion condition the optimal based on an effective pressure characteristic. 
[0030] In actually using the charge outputted on the other hand although a piezoelectric device is 
structure which detects cylinder internal pressure with outputting a charge according to the detected 
pressure, it is amplifying the output signal by the amplifying circuit 61 as shown in drawing 1 1 from 
the minute thing, for example. 

[0031] Here, non-inversed input terminal 63a is grounded, inversed input terminal 63b is connected 
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to a piezoelectric device through resistance 65, output terminal 63c and uiversed input terminal 63b 
are connected by the resistance 67 and the capacitor 69 by which parallel connection was earned out, 
and the amplifying circuit 61 is constituted by the operational amplifier 63 by which the supply 
voltage of 5V is supplied. And with the charge which a piezoelectric device outputs according to the 
cylinder internal pressure to detect, the potential inputted into inversed input terminal 63b is 
changed an operational amplifier 63 amplifies fluctuation of this potential, and it is outputtmg as an 
output signal from output terminal 63c. It is lost that this is influenced by the stray capacity of the 
cable which the piezoelectric device connected, and it becomes possible to detect the output signal of 
a piezoelectric device correctly. . 
[0032] However, if the output signal of a piezoelectric device is amplified, since even the error ot 
tolerance will be amplified by the amplifying circuit as a piezoelectric-device simple substance, it 
may become difficult to detect cylinder internal pressure correctly. And smce the computed ellective 
pressure characteristics differ even if it is the seat type pressure sensor of isomorphism as drawing 3 
(a) which shows the above-mentioned measurement result also shows, it can be judged that 
individual difference is in the sensibility of a piezoelectric device. 

[0033] However, the calculation result of the effective pressure characteristic computed using the 
same seat type pressure sensor is changing from the measurement result shown in drawin g 3 (a) at a 
fixed rate to change of the effective pressure characteristic computed using the insertion mold 
pressure sensor in a cylinder, and it turns out that the output characteristics of a seat type pressure 
sensor have fixed proportionality to cylinder internal pressure. 

T0034] And the cylinder internal pressure which a seat type pressure sensor detects betore I 
actually differs between seat type pressure sensors, and this is because the error has arisen from the 
difference of the sensibility of a seat type pressure sensor, as the measurement result shown in 
drawing 3 (a) also shows. And since the magnitude of this error changes accordmg to the sensibility 
of each pressure sensor, it can know the sensibility of a seat type pressure sensor from the magnitude 
of the change rate of the cylinder internal pressure detected in front of TDC. 
[0035] Then, as the internal combustion engine control approach, the difference of the cylinder 
internal pressure at the different 2 time among the cylinder internal pressure according to claim 3 
detected after an inlet valve closes before [ before ignition timing ] like is set up as the 1st 
amendment reference value. It is good to amend the effective pressure characteristic computed as a 
difference of an after [ a top dead center ] pressure integral value, and a top dead center total- 
pressure impulse part value by **(ing) with the 1st amendment reference value further, and to 
control an internal combustion engine based on this amended effective pressure characteristic. 
[0036] That is if the difference of the cylinder internal pressure at the different 2 time detected after 
an inlet valve closes before [ before ignition timing ] is a highly sensitive pressure sensor, it will 
become large, and if it is a pressure sensor with bad sensibility, it will become small. Moreover, if it 
is a highly sensitive pressure sensor, the effective pressure characteristic computed will become 
large and the effective pressure characteristic which will be computed if it is a pressure sensor with 
bad sensibility becomes small. Therefore, after the inlet valve reflecting the sensibility of a pressure 
sensor closes, according to the difference of the cylinder internal pressure at the different 2 time 
among before ignition timing, by **(ing) an effective pressure characteristic, the error of the cylinder 
internal pressure by the individual difference of sensibility can be amended, and the effective 
pressure characteristic can be computed correctly. 

[0037] The calculation result of the effective pressure characteristic computed by the calculation 
approach of the effective pressure characteristic in the internal combustion engine control approach 
of this invention (claim 3) is actually shown in drawing 3 (b). It amended by **(mg) the effective 
pressure characteristic shown in drawing 3 (a) using the difference of the cylinder internal pressure 
of BTDC90"CA and BTDC20"CA in the seat type pressure sensor specifically used for calculation 
of the effective pressure characteristic shown in drawing 3 R> 3 (a), and the effective pressure 
characteristic was computed. 

[0038] Before correction by sensitiveness ( drawing 3 (a)), the effective pressure characteristic which 
showed a different value for every seat type pressure sensor shows the almost same value after 
correction by sensitiveness ( drawing 3 (b)), and it turns out that the error by sensibility has been 
amended Moreover, the error of the cylinder internal pressure which a seat type pressure sensor 
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detects will be produced also by the difference in the bolting torque of an ignition plug, or the 
difference in the temperature at the time of measurement in addition to the sensibility of a 
piezoelectric device. However, since the error by bolting torque, temperature, etc. as well as the error 
by the difference in the sensibility of a piezoelectric device appears as magnitude of the cylinder 
internal pressure detected in front of TDC, it can obtain the effective pressure characteristic by which 
the error was amended by using the calculation approach of the effective pressure characteristic in 
this invention (claim 3) approach. 

[0039] Therefore, operation of the internal combustion engine in the optimal combustion condition is 
attained by controlling an internal combustion engine based on this effective pressure characteristic, 
so that a combustion condition improves. Therefore, according to the internal combustion engine 
control approach of this invention (claim 3), the error of the cylinder internal pressure produced 
according to individual difference, such as sensibility of a piezoelectric device, bolting torque, and a 
temperature change, can be amended, an effective pressure characteristic can be computed more 
correctly, and it becomes possible to control an internal combustion engine's combustion condition 
the optimal based on an effective pressure characteristic. 

[0040] By the way, the seat type pressure sensor has detected cylinder internal pressure by detecting 
change of the bolting load of an ignition plug. And combustion gas has generated change of the 
bolting load by cylinder internal pressure by pressing down an ignition plug. And since combustion 
gas enters the opening which exists in coincidence between the screw section of the subject metallic 
ornaments of an ignition plug, and the screw section of the cylinder head, even if actual cylinder 
internal pressure falls, a residual pressure occurs according to the outflow delay of the combustion 
gas which exists in the opening of the screw section (refer to drawing 4 ). Under the effect of this 
residual pressure, reduction of the cylinder internal pressure after combustion of gaseous mixture 
becomes loose, it becomes difficult to detect actual cylinder internal pressure correctly, and there is a 
possibility that an error may arise to an effective pressure characteristic. 

[0041] Then, the effective pressure characteristic in all operational status including the time of 
flame-failure operation is computed like the internal combustion engine control approach according 
to claim 4. It is good to usually amend the amendment effective pressure characteristic at the time of 
operation, and to control an internal combustion engine by lengthening the 2nd amendment reference 
value from the effective pressure characteristic which sets up the effective pressure characteristic 
computed at the time of flame-failure operation as the 2nd amendment reference value, and is 
usually computed at the time of operation based on this amended effective pressure characteristic. 
[0042] That is, although the pressure integral value in front of TDC and the pressure integral value 
after TDC turn into the same value ideally at the time of flame- failure operation of an internal 
combustion engine, the pressure integral value actually computed will show a value with the bigger 
pressure integral value after TDC under the effect of a residual pressure which was mentioned above. 
And since the effective pressure characteristic computed under the engine condition of the 
specification at the time of flame-failure operation will show the increment of the cylinder internal 
pressure produced by the residual pressure, it memorizes the effective pressure characteristic at this 
time, and can compute the effective pressure characteristic which amended the error by the residual 
pressure by deducting from the computed effective pressure characteristic. 

[0043] Therefore, operation of the internal combustion engine in the optimal combustion condition is 
attained by controlling an internal combustion engine based on this effective pressure characteristic, 
so that a combustion condition improves. Therefore, according to the internal combustion engine 
control approach of this invention (claim 4), the error under the effect of the residual pressure in a 
seat type pressure sensor can be amended, an effective pressure characteristic can be computed with 
a sufficient precision, and it becomes possible to control an internal combustion engine's combustion 
condition the optimal based on an effective pressure characteristic. 

[0044] On the other hand, an internal combustion engine calculates a control reference value using 
the formula or map which makes a parameter operational status of a rotational frequency, an engine 
load, etc., and is operated by controlling ignition timing, an air-fuel ratio, etc. That is, ignition 
timing, an air-fuel ratio, etc. are set up based on a rotational frequency, an engine load, etc. showing 
operational status. Therefore, the same control reference value will be set up and an internal 
combustion engine will be controlled by stable operational status from which a rotational frequency, 
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an engine load, etc. become fixed. However, also in the stable operational status to which neither a 
rotational frequency nor a load is changed, it is known for the internal combustion engine that the 
combustion condition of gaseous mixture is changing slightly. For this reason, also in the stable 
operational status, to control ignition timing, an air-fuel ratio, etc. is desired so that it may be in the 
more nearly optimal combustion condition. 

[0045] Then, it is good to judge [ according to claim 5 ] whether an internal combustion engine's 
operational status is stable like, to compute an effective pressure characteristic as the internal 
combustion engine control approach which controls an internal combustion engine, at the time of 
steady operation whose operational status of an internal combustion engine is stable at least, and to 
control an internal combustion engine based on the computed effective pressure characteristic. 
[0046] In addition, since such a big value that a combustion condition becomes good is shown, an 
effective pressure characteristic can be used as an index showing the combustion condition of the 
gaseous mixture in an internal combustion engine. Therefore, operation in the better combustion 
condition is realizable by controlling the internal combustion engine in the stable operational status 
based on an effective pressure characteristic. 

[0047] And based on the effective pressure characteristic computed at the time of steady operation of 
an internal combustion engine, it sets to the internal combustion engine control approach which 
controls ignition timing. Said effective pressure characteristic computed after changing only the 
ignition timing variation according to claim 6 which was able to set ignition timing beforehand like 
When becoming larger than the effective pressure characteristic computed before changing ignition 
timing Next ignition timing is changed in the same direction as the change direction by said ignition 
timing variation. When said effective pressure characteristic computed after changing only the 
ignition timing variation which was able to set ignition timing beforehand on the contrary is below 
an effective pressure characteristic computed before changing ignition timing By making it change 
to an opposite direction, the change direction according next ignition timing to said ignition timing 
variation is good to control ignition timing. 

[0048] In addition, generally, although it is known that the combustion condition of gaseous mixture 
will become good when the tooth lead angle of the ignition timing is carried out, if a tooth lead angle 
is carried out too much, knocking will occur, and a combustion condition will fall. In order to check 
change of the combustion condition over ignition timing here, change of the effective pressure 
characteristic when changing ignition timing was measured. The measurement result is shown in 
drawing 5 . Measurement was performed using the direct injection mold internal combustion engine, 
and the effective pressure characteristic when changing the fuel injection timing other than ignition 
timing was computed about the air-fuel ratio (A/F) of a three-stage. It expresses the measurement 
result in drawing 5 that distribution of the effective pressure characteristic in each air- fuel ratio is 
shown on the coordinate plane which makes an axis of ordinate ignition timing and makes an axis of 
abscissa fuel injection timing. In addition, the axis of ordinate expresses the forward value and the 
lag (crank angle after a top dead center) for the tooth lead angle (crank angle before a top dead 
center) of ignition timing as a negative value by setting a top dead center to 0-degreeCA. Moreover, 
the axis of abscissa expresses the crank angle before a top dead center as a forward value by setting a 
top dead center to 0-degreeCA. Moreover, effective pressure characteristics seem to differ, 
respectively, indicate four steps of 130-160,160-180,180-200,200-210, and show distribution. 
[0049] The measurement result shown in drawing 5 shows that the effective pressure characteristic 
increases as the tooth lead angle of the ignition timing is carried out, when distribution of the 
effective pressure characteristic in the same air-fuel ratio is judged on the basis of a top dead center 
about ignition timing (when ignition timing is 0-degreeCA), but an effective pressure characteristic 
will fall if a tooth lead angle is carried out too much. 

[0050] Then, the tooth lead angle of the ignition timing is not only carried out, and he judges a 
combustion condition by change of the effective pressure characteristic by having changed ignition 
timing, and is trying to control ignition timing by setting up ignition timing based on the decision 
result the optimal by this invention (claim 6). 

[0051] For example, when the effective pressure characteristic computed after carrying out the tooth 
lead angle of the ignition timing becomes larger than the effective pressure characteristic computed 
before carrying out a tooth lead angle, it means that the combustion condition became good and it 
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can be expected that a combustion condition will become good further in next ignition by carrying 
out the tooth lead angle of the next ignition timing. When the effective pressure characteristic 
computed on the contrary after carrying out the tooth lead angle of the ignition timing becomes 
smaller than the effective pressure characteristic computed before carrying out a tooth lead angle, it 
means that the combustion condition became a defect and the combustion condition in next ignition 
is made good by carrying out the lag of the next ignition timing. 

[0052] Thus, it is avoidable by controlling ignition timing that can make good the combustion 
condition in the stable operational status, and generating and the combustion condition of knocking 
get worse. In addition, in becoming larger than the effective pressure characteristic before the 
effective pressure characteristic which faces judging a combustion condition from change of the 
effective pressure characteristic at the time of making it change so that the lag of the ignition timing 
may be carried out, and controlling an internal combustion engine, and is computed after change of 
ignition timing changing, it is carrying out the lag of the next ignition timing further, and it becomes 
possible to control a combustion condition the more nearly optimal. In becoming smaller than the 
effective pressure characteristic before the effective pressure characteristic computed after change of 
ignition timing changing on the contrary, it becomes possible to control a combustion condition by 
carrying out the tooth lead angle of the next ignition timing the more nearly optimal. 
[0053] Therefore, according to the internal combustion engine control approach of this invention 
(claim 6), it enables it for the combustion condition at the time of steady operation whose operational 
status of an internal combustion engine is stable to be able to control ignition timing to become 
fitness more, and to control an internal combustion engine's combustion condition to fitness more. 
This is enabled to set ignition timing as MBT (MinimumSpark Advance for Best Torque) which is 
ignition timing with an internal combustion engine's most sufficient effectiveness, and it becomes 
possible to operate an internal combustion engine in the optimal condition. 

[0054] Moreover, the field of the effective pressure characteristic which shows as high a value as an 
air-fiiel ratio (A/F) becoming large (fuel oil consumption decreasing) from the measurement result 
shown in drawing 5 is small, and it turns out that it is easy to realize as good a combustion condition 
as an air- fuel ratio being small (there being much fuel oil consumption). However, it is better to set 
up an air-fuel ratio greatly for the improvement in fuel consumption. 

[0055] Then, based on the effective pressure characteristic computed at the time of steady operation 
of an internal combustion engine, it sets to the internal combustion engine control approach which 
controls an air-fuel ratio or the amount of EGR(s). Like, after [ according to claim 7 ] changing only 
the amount of fuel oil consumption and the amount of EGR(s) which was able to define either 
beforehand at least When the value showing the breadth of distribution of the effective pressure 
characteristic by which only the count appointed beforehand is computed is below a decision value 
defined beforehand Even if there are little control which decreases fuel oil consumption, and control 
to which the amount of EGR(s) is made to increase, one of control is performed. On the contrary, 
after changing only the amount of fuel oil consumption and the amount of EGR(s) which was able to 
define either beforehand at least When the value showing the breadth of distribution of the effective 
pressure characteristic by which only the count appointed beforehand is computed becomes larger 
than the decision value defined beforehand It is good to control an air- fuel ratio or the amount of 
EGR(s) by [ of the control to which fuel oil consumption is made to increase, and the control which 
decreases the amount of EGR(s) ] performing one of control at least. 

[0056] In addition, dispersion in the effective pressure characteristic computed, so that the value 
showing the breadth of distribution of an effective pressure characteristic was small will be small, it 
will be shown that the combustion condition is stable, and it will be shown that dispersion in an 
effective pressure characteristic is so large that this value is large on the contrary, and a combustion 
condition is unstable. 

[0057] So, when the value which aims at improvement in an internal combustion engine's fuel 
consumption by what an air- fuel ratio is made high for (fuel oil consumption is decreased) (when the 
combustion condition is stable), and expresses the breadth of distribution of an effective-pressure 
characteristic when the value showing the breadth of distribution of an effective-pressure 
characteristic is small is large, it is good to stabilize an internal combustion engine's combustion 
condition by what an air- fuel ratio is made low for (fuel oil consumption is made to increase) (when 
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a combustion condition is unstable). 

[0058] the thing of the amount of the exhaust gas made [ an inhalation-of-air system ] to carry out 
recycling to the amount of EGR(s) from an exhaust air system here — it is — such - exhaust gas — 
combustion — gaseous mixture — NOx which the highest combustion temperature is reduced by 
mixing to inside, and is harmful matter Generating can be reduced. On the other hand, if the amount 
of EGR(s) increases, in order for a combustion condition to become unstable and to reduce an 
internal combustion engine's drivability (responsibility, smooth nature, etc.), it is necessary to 
control the amount of EGR(s) according to an internal combustion engine's operational status. 
[0059] So, when the value showing the breadth of distribution of an effective pressure characteristic 
is small, generating of the harmful matter in an exhaust gas can be decreased by making [ many ] the 
amount of EGR(s) (when the combustion condition being stable). Moreover, when the value 
showing the breadth of distribution of an effective pressure characteristic is large, an internal 
combustion engine's combustion condition can be stabilized by lessening the amount of EGR(s) 
(when a combustion condition being unstable). 

[0060] And it is most desirable to control so that the amount of EGR(s) serves as maximum 
(threshold value) (EGR threshold control), maintaining a combustion condition in the condition of 
having been stabilized in controlling the amount of EGR(s), in order to reduce generating of harmful 
matter, so that an internal combustion engine's drivability may not be reduced. 
[0061] Therefore, based on the result compared with the decision value which was able to define 
beforehand the value showing the breadth of distribution of an effective pressure characteristic, even 
if there are few fuel oil consumption and amounts of EGR(s), one of control can be performed and 
an internal combustion engine's combustion condition can be stabilized Air Fuel Ratio Control or by 
carrying out EGR threshold control. 

[0062] Therefore, according to this invention (claim 7), since an air-fuel ratio is controllable by 
judging a combustion condition based on the value showing the breadth of distribution of an 
effective pressure characteristic to the optimal value, improvement in fuel consumption can be aimed 
at, and generating of knocking can be prevented by it. Moreover, since the amount of EGR(s) is 
controllable to the optimal value, the harmful matter in an exhaust gas can be decreased, and an 
internal combustion engine's combustion condition can be stabilized. 

[0063] Next, in the direct injection mold internal combustion engine which injects a fuel directly into 
a combustion chamber and generates gaseous mixture, it is controlling also with fuel injection timing 
by calculating a control reference value using the formula or map which makes a parameter 
operational status of a rotational frequency, a load, etc. other than ignition timing, an air- fuel ratio, 
and the amount of EGR(s). 

[0064] Then, in a direct injection mold internal combustion engine, it sets to the internal combustion 
engine control approach which controls fuel injection timing based on the effective pressure 
characteristic computed at the time of steady operation of an internal combustion engine. The 
effective pressure characteristic computed after changing only the fuel-injection- timing variation 
according to claim 8 which was able to set fuel injection timing beforehand like When becoming 
larger than the effective pressure characteristic computed before changing fuel injection timing Next 
fuel injection timing is changed in the same direction as the direction by said fuel-injection-timing 
variation. When the effective pressure characteristic computed after changing only the fuel-injection- 
timing variation which was able to set fuel injection timing beforehand on the contrary is below an 
effective pressure characteristic computed before changing fuel injection timing By changing next 
fuel injection timing to the direction and opposite direction by said fuel-injection-timing variation, it 
is good to control fuel injection timing. 

[0065] In addition, by the direct injection mold internal combustion engine, when fuel injection 
timing changes shows that an effective pressure characteristic changes from the measurement result 
shown in above-mentioned drawing 5 . Then, it becomes possible to control fuel injection timing by 
change of the effective pressure characteristic by having changed fuel injection timing the optimal 
like the case where ignition timing is controlled in above-mentioned claim 6, by judging a 
combustion condition and setting up fuel injection timing based on the decision result. 
[0066] For example, when the effective pressure characteristic computed after advancing fuel 
injection timing becomes larger than the effective pressurexharacteiistic computecLbefbre ^ 
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advancing, it means that the combustion condition became good and it can be expected by advancing 
next fuel injection timing that a combustion condition will become good further. When the effective 
pressure characteristic computed on the contrary after advancing fuel injection timing becomes 
smaller than the effective pressure characteristic computed before advancing, it means that the 
combustion condition became a defect and is made for a combustion condition to become good by 
delaying next fuel injection timing. 

[0067] Thus, it is avoidable by controlling fuel injection timing that can make good the combustion 
condition in the stable operational status, and a combustion condition gets worse. In addition, in 
order to judge a combustion condition from change of the effective pressure characteristic at the time 
of making it change so that fuel injection timing may be delayed, in becoming larger than the 
effective pressure characteristic before the effective pressure characteristic computed after change of 
fuel injection timing changing, it becomes possible to control a combustion condition by delaying 
next fuel injection timing further the more nearly optimal. In becoming smaller than the effective 
pressure characteristic before the effective pressure characteristic computed after change of fuel 
injection timing changing on the contrary, it becomes possible to control a combustion condition by 
advancing next fuel injection timing the more nearly optimal. 

[0068] Therefore, according to the internal combustion engine control approach of this invention 
(claim 8), fuel injection timing can be controlled so that the combustion condition in a direct 
injection mold internal combustion engine when an internal combustion engine's operational status is 
stable becomes fitness more, and it becomes possible to control more a direct injection mold internal 
combustion engine's combustion condition to fitness. 
[0069] 

[Embodiment of the Invention] The example of this invention is explained with a drawing below. 
Drawing 1 is an explanatory view showing the configuration of the internal combustion engine with 
which the internal combustion engine control approach of this invention was applied. 
[0070] In addition, although the configuration of those other than control-device (ECU) 19, EGR 
valve 17, and crankshaft 47 is prepared for every gas column of an internal combustion engine, in 
order to make a drawing legible, it expresses only a part for a 1 cylinder with drawing 1 . As shown 
in drawing 1 , the ignition for internal combustion engines of this example The ignition plug 1 1 with 
a built-in pressure sensor equipped with the piezoelectric device which carries out pressure (cylinder 
internal pressure) detection from change of a bolting load in a combustion chamber 31 while 
generating the spark discharge for burning gaseous mixture (henceforth an ignition plug), The ignitor 
13 which generates the high voltage for ignition for making an ignition plug 1 1 generate spark 
discharge, The fuel injection valve 15 which injects a fuel in order to generate gaseous mixture 
(injector), EGR valve 17 for making a suction port 33 circulate through the exhaust gas of the 
exhaust air port 35, According to the command from the outside, the command signal was outputted 
to the ignitor 13, the fuel injection valve 15, and EGR valve 17, and it has the control unit (ECU) 19 
which consists of a microcomputer which controls operation of an internal combustion engine 1. In 
addition, since the internal combustion engine of this example is a direct injection mold internal 
combustion engine, it has the fuel injection valve 15 so that a fuel may be injected directly into a 
combustion chamber. 

[0071] Moreover, an ignition plug 1 1 is structure as shown in drawing 13 , it contains pressure- 
sensor lib (illustration abbreviation) in the interior of subject metallic-ornaments 11a, detects 
cylinder internal pressure by detecting change of a bolting load, and is outputting the charge 
according to cylinder internal pressure from output cable 11c. And since the output charge of 
pressure- sensor 1 lb is minute, the pressure signal amplified by the amplifying circuit 61 as shown in 
drawing 1 1 mentioned above is inputted into ECU 19. In addition, illustration of an amplifying circuit 
is omitted in drawing 1 . Moreover, an ignition plug 1 1 receives the high voltage for ignition 
supplied from an ignitor 13 by 1 If of terminal areas, and generates spark discharge between center- 
electrode lie and lid of ground electrodes. 

[0072] And the piston 41 which reciprocates the interior of a gas column (cylinder) 43 is rotating a 
crankshaft 47 through a connecting rod 45, and the internal combustion engine 1 is transmitting 
power to an internal combustion engine's 1 exterior. Moreover, since an internal combustion engine 
1 is a direct injection mold, when air is sent into a combustion chamber 31 because an inlet valve 37 
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opens when a piston 41 descends like an inhalation-of-air line, and a piston 41 goes up by the 
compression stroke, a fuel injection valve 15 injects a fuel to a combustion chamber 31, and he 
generates gaseous mixture. The fuel injection timing and fuel oil consumption at this time are set up 
by the below-mentioned control processing performed by ECU19. 

[0073] And at a combustion process, before a piston 41 reaches a top dead center, spark discharge is 
generated with an ignition plug 11, and an internal combustion engine's power is generated by 
raising the pressure (cylinder internal pressure) of a combustion chamber, and dropping a piston 41 
by burning gaseous mixture. Then, when a piston 41 goes up like an exhaust air line, the exhaust gas 
inside a combustion chamber 31 is discharged in the exhaust air port 35 because an exhaust valve 39 
opens. And a compression stroke is performed continuously and operation of an internal combustion 
engine is performed by repeating processing in which it shifts to the following combustion cycle. 
[0074] Operation of such an internal combustion engine is controlled by ECU 19, and explains the 
ignition timing control performed to below by ECU19, Air Fuel Ratio Control (fuel-oil-consumption 
control), EGR control, and fuel-injection-timing control. In addition, as for the control unit 19, an 
internal combustion engine's inhalation air content (pressure-of-induction-pipe force), rotational 
speed, throttle opening, cooling water temperature, an intake-air temperature, etc. are performing 
separately operational status detection processing in which the operational status of each part of an 
engine is detected, for the control processing explained below. 

[0075] First, ignition timing control processing of this example is explained according to the flow 
chart shown in drawing 6 . This ignition timing control processing is started while operation of an 
internal combustion engine is started, and it is performed until it suspends operation of an internal 
combustion engine. If ignition timing control processing is started as shown in drawing 6 , by SI 10 
(S expresses a step), the engine speed and throttle opening which were detected by the operational 
status detection processing performed separately will be measured first. By SI 20 continuing, it is in 
the condition by which an internal combustion engine's operational status was stabilized, or (is it in a 
provision?) has judged whether it is no, and, specifically, judges whether it is being completed 
within fixed limits by fluctuation of the engine speed measured in SI 10, and throttle opening. And if 
an affirmation judging is carried out by SI 20, it will shift to SI 40, and if a negative judging is 
carried out by SI 20, it will shift to SI 30. 

[0076] If an internal combustion engine's operational status is changing when it shifts to SI 20, a 
negative judging will be carried out by S120, and it will shift to S130. In S130, ignition timing Tig is 
set up by reading ignition timing Tig from the map set up beforehand based on the engine speed and 
throttle opening which were measured by SI 10, and FLG is reset further the first stage (RESET). In 
addition, FLG is an index showing the initial value for comparing the effective pressure 
characteristic An having been computed the first stage. If processing of SI 30 is performed, it will 
shift to S240. 

[0077] And in S240, it lights in the newest ignition timing Tig computed at the end, and if ignition is 
performed, it will shift to SI 10. Moreover, if an internal combustion engine's operational status is 
stable when it shifts to SI 20, an affirmation judging will be carried out by SI 20, and it will shift to 
S140. It has judged whether FLG is set the first stage (SET), and in S140, if an affirmation judging is 
carried out, it shifts to SI 60, and if a negative judging is carried out, it will shift to SI 50. If FLG is 
reset the first stage at this time, a negative judging will be carried out by SI 40, and it will shift to 
S150. 

[0078] Based on the engine speed and throttle opening which were measured by SI 10, ignition 
timing Tig is first set up by reading ignition timing Tig from the map set up beforehand SI 50. And 
the effective pressure characteristic An is computed using the cylinder internal pressure which the 
crank angle incorporated the combustion pressure signal (cylinder internal pressure) from 90- 
degreeCA (BTDC90 M CA) to 270-degreeCA (ATDC90"CA), and was incorporated from the storage 
section the combustion pressure signal detected in pressure-sensor 1 lb of an ignition plug 1 1 was 
remembered to be, and which is not illustrated. 

[0079] Here, the cylinder internal pressure of the period which a crank angle moves from 90- 
degreeCA (BTDC90"CA) to a top dead center (TDC) among the incorporated combustion pressure 
signals (cylinder internal pressure) first is integrated for calculation of the effective pressure 
characteristic An for every 1 degree CA of crank angles, and it is asked for the top dead center total- 
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pressure impulse part value A. The after [ a top dead center ] pressure integral value B which 
integrated the cylinder internal pressure of the period which similarly a crank angle moves by 270- 
degreeCA (ATDC90"CA) from a top dead center (TDC) using the incorporated cylinder internal 
pressure for every 1 degree CA of crank angles is calculated. Moreover, the difference of the 
cylinder internal pressure at the time of being cylinder internal pressure and 90-degreeCA 
(BTDC90"CA) in case a crank angle is 160-degreeCA (BTDC20"CA) is searched for, and it sets up 
as the 1st amendment reference value C. 

[0080] In addition, if addition spacing of cylinder internal pressure is not restricted for every 1 
degree CA of crank angles and addition spacing is shortened, it becomes possible to make [ more ] 
the number of data of cylinder internal pressure, and it can compute the effective pressure 
characteristic An with a more high precision. Although the processing load of ECU 19 can be 
reduced by lengthening addition spacing on the contrary, since the number of data of the cylinder 
internal pressure to integrate decreases to coincidence, the precision of the effective pressure 
characteristic An will fall to it. For this reason, as addition spacing, it is long to extent which can 
collect the numbers of data required for calculation of the effective pressure characteristic An at 
least, and it good for extent to which the processing load of ECU19 does not become high unusually 
to set up within limits which become short. 

[0081] Furthermore, at this step, it has judged whether the combustion cycle at this time is a fuel cut 

(fuel shutoff), and in not being a fuel cut, it incorporates the value of the 2nd amendment reference 

value D with which the value of the effective pressure characteristic at the time of a fuel cut was 

memorized. And after **(ing) the value which deducted the top dead center total-pressure impulse 

part value A from the after [ a top dead center ] pressure integral value B with the 1st amendment 

reference value C according to the formula which describes the effective pressure characteristic An 

in several 1, it computes by deducting the 2nd amendment reference value D. 

[0082] 

[Equation 1] 

A n = g — D 

[0083] in addition, when the combustion cycle at this time is a fuel shutoff It does not carry out 
deducting the 2nd amendment reference value D in several 1, but while computing the value 
acquired by **(ing) the value which deducted the top dead center total-pressure impulse part value A 
from the after [ a top dead center ] pressure integral value B with the 1st amendment reference value 
C as an effective pressure characteristic An, this effective pressure characteristic An is substituted 
for the 2nd amendment reference value D, and is memorized. 

[0084] Furthermore, in SI 50, it updates to the value which advanced only the amount Ta of tooth 
lead angles which assigned the value of the computed effective pressure characteristic An to 
effective pressure characteristic An-1 [ last ], and was able to set ignition timing Tig beforehand, and 
FLG is set the first stage (SET). In this way, if processing of SI 50 is performed, it will shift to S240. 
[0085] And in S240, it lights in the ignition timing Tig computed at the end, and if ignition is 
performed, it will shift to SI 10. Moreover, if FLG is set the first stage when it shifts to SI 40, an 
affirmation judging will be carried out by SI 40, and it will shift to SI 60. In SI 60, the effective 
pressure characteristic An is computed using the cylinder internal pressure which the crank angle 
incorporated the combustion pressure signal (cylinder internal pressure) from 90-degreeCA 
(BTDC90 M CA) to 270-degreeCA (ATDC90"CA), and was incorporated from the storage section the 
combustion pressure signal detected in pressure-sensor 1 lb of an ignition plug 1 1 was first 
remembered to be, and which is not illustrated. In addition, the calculation approach of the effective 
pressure characteristic An is the same as the calculation approach in processing of SI 50. 
[0086] It has judged whether it is larger than effective pressure characteristic An-1 of last time (the 
n-lst time), and in SI 70 continuing, if an affirmation judging is carried out, it shifts to SI 80, and the 
newest (the n-th time) effective pressure characteristic An will shift to S210, if a negative judging is 
carried out. When it shifts to SI 70 and the newest effective pressure characteristic An is larger than 
effective pressure characteristic An-1 [ last ], an affirmation judging is carried out by SI 70, and it 
shifts to SI 80. In SI 80, the value of the newest effective pressure characteristic An is assigned to 
effective pressure characteristic An-1 [ last ], and it updates to the value which advanced only the 
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amount Ta of tooth lead angles which was able to set ignition timing Tig beforehand. 
[0087] It has judged whether it is larger than the tooth-lead-angle limit ignition timing TLa 
beforehand set as tooth-lead-angle threshold value of ignition timing, and in SI 90 continuing, if an 
affirmation judging is carried out, it shifts to S200, and the value of the ignition timing Tig updated 
by S 1 80 will shift to S240, if a negative judging is carried out. At this time, when ignition timing Tig 
is larger than the tooth-lead-angle limit ignition timing TLa, an affirmation judging is carried out by 
SI 90, it shifts to S200, and the value of the tooth-lead-angle limit ignition timing TLa is assigned to 
S200 at ignition timing Tig. Thereby, ignition timing carried out the tooth lead angle too much, and 
it has prevented an internal combustion engine's operational status becoming unstable. If processing 
of S200 is performed, it will shift to S240. 

[0088] A negative judging is carried out by SI 90, and it shifts to S240, and when it shifts to SI 90 
and ignition timing Tig is below the tooth-lead-angle limit ignition timing TLa, in S240, it lights in 
the ignition timing Tig computed at the end, and if ignition is performed, it will shift to SI 10. 
[0089] Moreover, when it shifts to SI 70 and the newest effective pressure characteristic An is less 
than [ last / effective pressure characteristic An-1 ], a negative judging is carried out by S I 70, and it 
shifts to S210. In S210, the value of the newest effective pressure characteristic An is assigned to 
effective pressure characteristic An-1 [ last ], and it updates to the value which delayed only the 
amount Tr of lags which was able to set ignition timing Tig beforehand. 

[0090] It has judged whether it is smaller than the lag limit ignition timing TLr beforehand set as lag 
threshold value of ignition timing, and in S220 continuing, if an affirmation judging is carried out, it 
shifts to S230, and the value of the ignition timing Tig updated by S2 1 0 will shift to S240, if a 
negative judging is carried out. At this time, when ignition timing Tig is smaller than the lag limit 
ignition timing TLr, an affirmation judging is carried out by S220, it shifts to S230, and the value of 
the lag limit ignition timing TLr is assigned to S230 at ignition timing Tig. Thereby, ignition timing 
carried out the lag too much, and it has prevented an internal combustion engine's operational status 
becoming unstable. If processing of S230 is performed, it will shift to S240. 
[0091] A negative judging is carried out by S220, and it shifts to S240, and when it shifts to S220 
and ignition timing Tig is more than the lag limit ignition timing TLr, in S240, it lights in the 
ignition timing Tig computed at the end, and if ignition is performed, it will shift to SI 10. 
[0092] Thus, by this ignition timing control processing, if it lights by S240, it shifts to SI 10, and 
ignition timing Tig will be updated based on the effective pressure characteristic An, and ignition 
timing Tig will be controlled by repeating and performing above-mentioned processing. As 
explained above, while operational status is changing, ignition timing Tig is controlled by this 
ignition timing control processing based on an engine speed and throttle opening. And when 
operational status is stable, based on fluctuation of the effective pressure characteristic An by having 
changed ignition timing Tig, an internal combustion engine's combustion condition is judged by 
making into initial value ignition timing Tig set up based on an engine speed and throttle opening, 
and ignition timing Tig is controlled. 

[0093] That is, when the effective pressure characteristic An computed by SI 60 becomes larger than 
effective pressure characteristic An-1 computed before carrying out a tooth lead angle after carrying 
out the tooth lead angle of the ignition timing Tig in SI 50, it can be judged that the combustion 
condition became good (when an affirmation judging is carried out by SI 70). For this reason, the 
combustion condition in next ignition is made to become still better by carrying out the tooth lead 
angle of the next ignition timing Tig further in SI 80 continuing. 

[0094] When the effective pressure characteristic An computed by SI 60 becomes less than 
[ effective pressure characteristic An-1 ] which was computed before carrying out a tooth lead angle 
on the contrary after carrying out the tooth lead angle of the ignition timing Tig in SI 50, it can be 
judged that the combustion condition became a defect (when a negative judging is carried out by 
SI 70). For this reason, he is trying for a combustion condition to become good in next ignition by 
carrying out the lag of the next ignition timing Tig S2 1 0 continuing. 

[0095] And while the condition that an internal combustion engine's operational status is stable 
continues, each step of SI 10, SI 20, SI 40, and SI 60 to S240 is performed repeatedly, and ignition 
timing Tig is controlled by the optimal value based on the effective pressure characteristic An. It 
becomes possible for this to set ignition timing as MBT (Minimum Spark Advance for Best Torque) 
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which is ignition timing with an internal combustion engine's most sufficient effectiveness, and to 
operate an internal combustion engine. 

[0096] In addition, in this example, although the amount Ta of tooth lead angles and the amount Tr 
of lags are made into the fixed value set up beforehand, they are good also as an adjustable value set 
up according to operational status, for example. Moreover, it becomes possible to perform evasion 
from an unstable combustion condition quickly by setting the amount Tr of lags as a larger value 
than the amount Ta of tooth lead angles. Moreover, it is good also as an adjustable value set up 
according to operational status, for example also about the tooth-lead-angle limit ignition timing TLa 
and the lag limit ignition timing TLr. 

[0097] Moreover, when not restricting at the time of a fuel cut (fuel shutoff) and becoming the 
bottom of the engine condition of the specification which can detect the residual pressure of cylinder 
internal pressure at the time of flame-failure operation, it may be made to perform processing which 
does not carry out deducting the 2nd amendment reference value D in several 1, but computes the 
effective pressure characteristic An, substitutes this effective pressure characteristic An for the 2nd 
amendment reference value D, and memorizes it. 

[0098] Next, the Air Fuel Ratio Control processing of this example is explained according to the 
flow chart shown in drawing 7 . This Air Fuel Ratio Control processing is started while operation of 
an internal combustion engine is started, and it is performed until it suspends operation of an internal 
combustion engine. Moreover, since the air-fuel ratio expresses the ratio of the fuel and air which 
form gaseous mixture, the internal combustion engine of this example is performing Air Fuel Ratio 
Control by controlling fuel oil consumption. 

[0099] If the Air Fuel Ratio Control processing is started as shown in drawing 7 , by S3 10 (S 
expresses a step), the engine speed and throttle opening which were detected by the operational 
status detection processing performed separately will be measured first. By S320 continuing, it is in 
the condition by which an internal combustion engine's operational status was stabilized, or (is it in a 
provision?) has judged whether it is no, and, specifically, judges whether it is being completed 
within fixed limits by fluctuation of the engine speed measured in S3 10, and throttle opening. And if 
an affirmation judging is carried out by S320, it will shift to S340, and if a negative judging is 
carried out by S320, it will shift to S330. 

[0100] If an internal combustion engine's operational status is changing when it shifts to S320, a 
negative judging will be carried out by S320, and it will shift to S330. In S330, fuel oil consumption 
Fin is set up by reading fuel oil consumption Fin from the map set up beforehand based on the 
engine speed and throttle opening which were measured by S3 10, further, FLG is reset the first stage 
(RESET) and the initial S calculation counter SPCNT is cleared. In addition, FLG is an index 
showing the initial value for comparing the effective pressure characteristic An having been 
computed the first stage, and the initial S calculation counter SPCNT is a counter for counting the 
number of data for computing the standard deviation of the effective pressure characteristic An, and 
an average. If processing of S330 is performed, it will shift to S460. 

[0101] And in S460, if fuel injection is performed with the newest fuel oil consumption Fin 
computed at the end and fuel injection is performed, it will shift to S3 10. Moreover, if an internal 
combustion engines operational status is stable when it shifts to S320, an affirmation judging will be 
carried out by S320, and it will shift to S340. It has judged whether FLG is set the first stage (SET), 
and in S340, if an affirmation judging is carried out, it shifts to S380, and if a negative judging is 
carried out, it will shift to S350. If FLG is reset the first stage at this time, a negative judging will be 
carried out by S340, and it will shift to S3 50. 

[0102] Based on the engine speed and throttle opening which were measured by S3 10, fuel oil 
consumption Fin is first set up by reading fuel oil consumption Fin from the map set up beforehand 
S350. And the effective pressure characteristic An is computed using the cylinder internal pressure 
which the crank angle incorporated the combustion pressure signal (cylinder internal pressure) from 
90-degreeCA (BTDC90"CA) to 270-degreeCA (ATDC90"CA), and was incorporated from the 
storage section the combustion pressure signal detected in pressure-sensor 1 lb of an ignition plug 1 1 
was remembered to be, and which is not illustrated. In addition, the calculation approach of the 
effective pressure characteristic An is the same as the calculation approach in processing by SI 50 of 
the above-mentioned ignition timing control processing. 
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[0103] And the standard deviation and the average in the effective pressure characteristic An of the 
newest count N individual of initial S calculation which were computed while this Air Fuel Ratio 
Control processing was performed are computed, and the value acquired by **(ing) standard 
deviation on an average is set as deflection / an average of S. At this time, several 3 formula is used 
for average calculation at calculation of standard deviation using several 2 formula. 
[0104] 

[Equa tion 2] 

/Z(An)*-n An 



[0105] 
[Equation 3] 

n 

[0106] In addition, when the number of the effective pressure characteristic An does not fulfill the 
count N of initial S calculation, calculation of standard deviation and an average is not performed. 
Furthermore, in S350, 1 addition (increment) of the initial S calculation counter SPCNT is carried 
out, and the initial S calculation counter SPCNT is updated. 

[0107] It has judged whether the initial S calculation counter SPCNT is more than the count N of 
initial S calculation, and in S360 continuing, if an affirmation judging is carried out, it shifts to S370, 
and if a negative judging is carried out, it will shift to S460. At this time, when the initial S 
calculation counter SPCNT is smaller than the count N of initial S calculation, a negative judging is 
carried out by S360, and it shifts to S460. And in S460, if fuel injection is performed with the fuel oil 
consumption Fin computed at the end and fuel injection is performed, it will shift to S3 10. 
[0108] Moreover, when it shifts to S360 and the initial S calculation counter SPCNT is more than the 
count N of initial S calculation, an affirmation judging is carried out by S360, and it shifts to S370. 
And FLG is set in S370 the first stage. If processing of S370 is performed or an affirmation judging 
is carried out in S340, it will shift to S380. In S380 first, from the storage section the combustion 
pressure signal detected in pressure-sensor 1 lb of an ignition plug 1 1 was remembered to be and 
which is not illustrated A crank angle incorporates the combustion pressure signal (cylinder internal 
pressure) from 90-degreeCA (BTDC90"CA) to 270-degreeCA (ATDC90"CA), and computes the 
effective pressure characteristic An by the same count approach as processing by S350 using the 
incorporated cylinder internal pressure. And the standard deviation and the average in the effective 
pressure characteristic An of the newest count N individual of initial S calculation which were 
computed like the case where it computes by S350 while this Air Fuel Ratio Control processing was 
performed are computed, and the value acquired by **(ing) standard deviation on an average is set 
as deflection / an average of S. 

[0109] In S390 continuing, if it has judged whether it is below the RIN limit decision value LL that 
was computed by S380 and to which an average of S was beforehand set as a thin limitation of 
deflection/air-fuel ratio and an affirmation judging is carried out, it shifts to S400, and if a negative 
judging is carried out, it will shift to S430. When deflection / an average of S is below the RIN limit 
decision values LL at this time, an affirmation judging is carried out by S390, and it shifts to S400. 
In S400, fuel oil consumption Fin is updated to the value which decreased only the quantity of the 
amount Fa of fuel loss in quantity which was able to be defined beforehand. 
[01 10] It has judged whether it is smaller than the injection fuel loss-in-quantity limit FLa 
beforehand defined as thin threshold value of fuel oil consumption, and in S410 continuing, if an 
affirmation judging is carried out, it shifts to S420, and the value of the fuel oil consumption Fin 
updated by S400 will shift to S460, if a negative judging is carried out. At this time, when fuel oil 
consumption Fin is smaller than the injection fuel loss-in-quantity limit FLa, an affirmation judging 
is carried out by S410, it shifts to S420, and the value of the injection fuel loss-in-quantity limit FLa 
is assigned to fuel oil consumption Fin S420. Thereby, the quantity of fuel oil consumption will be 
decreased too much, and it has prevented an internal combustion engine's operational status 
becoming unstable. If processing of S420 is performed, it will shift to S460. 

[0111] Moreover, when it shifts to S410 and fuel oil consumption Fin is more than the injection fuel 
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loss-in-quantity limit FLa, a negative judging is carried out by S410, and it shifts to S460, and if fuel 
injection is performed with the fuel oil consumption Fin computed at the end and fuel injection is 
performed, in S460, it will shift to S3 10. 

[01 12] Moreover, when it shifts to S390, and deflection / an average of S is larger than the RIN limit 
decision value LL, a negative judging is carried out by S390, and it shifts to S430. In S430, fuel oil 
consumption Fin is updated to the value which only the amount Fb of fuel increase in quantity which 
was able to be defined beforehand increased the quantity of. 

[01 13] It has judged whether it is larger than the injection fuel increase-in-quantity limit FLb 
beforehand defined as increase-in-quantity threshold value of fuel oil consumption, and in S440 
continuing, if an affirmation judging is carried out, it shifts to S450, and the value of the fuel oil 
consumption Fin updated by S430 will shift to S460, if a negative judging is carried out. At this 
time, when fuel oil consumption Fin is larger than the injection fuel increase-in-quantity limit FLb, 
an affirmation judging is carried out by S440, it shifts to S450, and the value of the injection fuel 
increase-in-quantity limit FLb is assigned to fuel oil consumption Fin S450. Thereby, the quantity of 
fuel oil consumption will be increased too much, and it has prevented an internal combustion 
engine's operational status becoming unstable. If processing of S450 is performed, it will shift to 
S460. 

[01 14] Moreover, when it shifts to S440 and fuel oil consumption Fin is below the injection fuel 
increase-in-quantity limit FLb, a negative judging is carried out by S440, and it shifts to S460, and if 
fuel injection is performed with the fuel oil consumption Fin computed at the end and fuel injection 
is performed, in S460, it will shift to S3 10. 

[01 15] Thus, by this Air Fuel Ratio Control processing, if fuel injection is performed by S460, it 
shifts to S3 1 0, and fuel oil consumption Fin will be updated based on the deflection / an average of S 
value computed from the standard deviation of the effective pressure characteristic An, and an 
average, and fuel oil consumption Fin will be controlled by repeating and performing above- 
mentioned processing. 

[0116] In addition, dispersion in the effective pressure characteristic An which the standard deviation 
of the effective pressure characteristic An was a scale showing the breadth of distribution of the 
computed effective pressure characteristic An, and was computed, so that this value was small is 
small, it is shown that the combustion condition is stable, and on the contrary, it will be shown that 
dispersion in the computed effective pressure characteristic An is large, and a combustion condition 
is unstable, so that this value is large. 

[0117] Moreover, by comparing the deflection / an average of S and the decision value which 
normalized the standard deviation of the effective pressure characteristic An by **(ing) by the 
average of the effective pressure characteristic An, and judging an internal combustion engine's 
combustion condition, it becomes unnecessary to update a decision value according to operational 
status, and the value of a constant can be used as a decision value. 

[0118] As explained above, while operational status is changing, fuel oil consumption Fin is 
controlled by this Air Fuel Ratio Control processing based on an engine speed and throttle opening. 
And when operational status is stable, based on the value of the standard deviation of the effective 
pressure characteristic An by having changed fuel oil consumption Fin, an internal combustion 
engine's combustion condition is judged by making into initial value fuel oil consumption Fin set up 
based on an engine speed and throttle opening, and fuel oil consumption Fin is controlled. 
[0119] That is, when the deflection computed in S3 80 / an average of S is below the RIN limit 
decision values LL, it can be judged that the combustion condition is stable (when an affirmation 
judging is carried out by S390). For this reason, he is trying to aim at improvement in an internal 
combustion engine's fuel consumption by what is made to decrease the quantity of the next fuel oil 
consumption Fin by S400 continuing (an air- fuel ratio is made high). 

[0120] Moreover, when the deflection computed in S3 80 / an average of S is larger than the RIN 
limit decision value LL, it can be judged that a combustion condition is unstable (when a negative 
judging is carried out by S390). For this reason, an internal combustion engine's fiiel condition is 
stabilized by what is made to increase the quantity of the next fuel oil consumption Fin by S430 
continuing (an air-fuel ratio is made low). 

[0121] And while the condition that an internal combustion engine's operational status is stable 
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continues, each step from S3 10, S320, S340, and S380 to S460 is performed repeatedly, and fuel oil 
consumption Fin is controlled by the optimal value based on the standard deviation of the effective 
pressure characteristic An. Operation of the internal combustion engine in the air-fuel ratio (RIN 
limit) used as the thereby thinnest gaseous mixture is attained. 

[0122] In addition, several 4 formula may be used for calculation of an average of the effective 

pressure characteristic An. 

[0123] 

[Equation 4] 

- — (n-l)xA B . + A n 

A n = U 

n 

[0124] In case an average value is computed, it is necessary to memorize the data for n pieces 
(effective pressure characteristic An) for calculation in several 3 formula but, and in several 4 
formula, since an average is computable with two data, the average value to last time, and the 
effective pressure characteristic An, saving of memory space is attained. 

[0125] In addition, in this example, although the amount Fa of fuel loss in quantity and the amount 
Fb of fuel increase in quantity are made into the fixed value set up beforehand, they are good also as 
an adjustable value set up according to operational status, for example. Moreover, it becomes 
possible to perform evasion from an unstable combustion condition quickly by setting the amount Fb 
of fuel increase in quantity as a larger value than the amount Fa of fuel loss in quantity. Moreover, it 
is good also as an adjustable value set up according to operational status, for example also about the 
injection fuel loss-in-quantity limit FLa and the injection fuel increase-in-quantity limit FLb. 
[0126] Next, the amount control processing of EGR(s) of this example is explained according to the 
flow chart shown in drawing 8 . This amount control processing of EGR(s) is started while operation 
of an internal combustion engine is started, and it is performed until it suspends operation of an 
internal combustion engine. Moreover, since the flow of the control processing with the as 
fundamental amount control processing of EGR(s) as the Air Fuel Ratio Control processing is the 
same, the contents of processing attach the same step number about the same step, and it expresses a 
flow chart, and explains it below about the amount control processing of EGR(s) focusing on a 
different part from the Air Fuel Ratio Control processing. 

[0127] First, the amount Egr of EGR(s) is set up S530 and S550 of the amount control processing of 
EGR(s) corresponding to S330 and S350 which had read fuel oil consumption Fin in the Air Fuel 
Ratio Control processing by reading the amount Egr of EGR(s) from the map set up beforehand 
based on the engine speed and throttle opening which were measured by S3 10. Moreover, if 
processing of S530 is performed, it will shift to S660. 

[0128] And in S590 corresponding to S390, if it has judged whether it is below the amount limit 
decision value EL of EGR(s) beforehand set up as an amount increase-in-quantity limitation of EGR 
(s) and an affirmation judging is carried out, it shifts to S600, and the deflection computed by S3 80 / 
an average of S will shift to S630, if a negative judging is carried out. In addition, S400 in the Air 
Fuel Ratio Control processing to S460 corresponds to S660 from S600 in the amount control 
processing of EGR(s). 

[0129] When it shifts to S590 and deflection / an average of S is below the amount limit decision 
values EL of EGR(s), an affirmation judging is carried out by S590, and it shifts to S600. In S600, 
the amount Egr of EGR(s) is updated to the value which only the amount Ea of EGR increase in 
quantity which was able to be defined beforehand increased the quantity of. It has judged whether it 
is larger than the amount increase-in-quantity limit ELa of EGR(s) beforehand defined as increase- 
in-quantity threshold value of the amount Egr of EGR(s), and in S610 continuing, if an affirmation 
judging is carried out, it shifts to S620, and the value of the amount Egr of EGR(s) updated by S600 
will shift to S660, if a negative judging is carried out. At this time, when the amount Egr of EGR(s) 
is larger than the amount increase-in-quantity limit ELa of EGR(s), an affirmation judging is carried 
out by S610, it shifts to S620, and the value of the amount increase-in-quantity limit ELa of EGR(s) 
is assigned to the amount Egr of EGR(s) S620. If processing of S620 is performed, it will shift to 
S660. 

[0130] Moreover, when it shifts to S610 and the amount Egr of EGR(s) is below the amount 
increase-in-quantity limit ELa of EGR(s), a negative judging is carried out by S610, and it shifts to 
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S660, and if EGR control action is performed in the amount Egr of EGR(s) computed at the end and 
EGR control action is performed, in S660, it will shift to S3 10. 

[0131] Moreover, when it shifts to S590, and deflection / an average of S is larger than the amount 
limit decision value EL of EGR(s), a negative judging is carried out by S590, and it shifts to S630. In 
S630, the amount Egr of EGR(s) is updated to the value which decreased only the quantity of the 
amount Eb of EGR loss in quantity which was able to be defined beforehand. 
[0132] It has judged whether it is smaller than the amount loss-in-quantity limit ELb of EGR(s) 
beforehand defined as loss-in-quantity threshold value of the amount Egr of EGR(s), and in S640 
continuing, if an affirmation judging is carried out, it shifts to S650, and the value of the amount Egr 
of EGR(s) updated by S630 will shift to S660, if a negative judging is carried out. At this time, when 
the amount Egr of EGR(s) is smaller than the amount loss-in-quantity limit ELb of EGR(s), an 
affirmation judging is carried out by S640, it shifts to S650, and the value of the amount loss-in- 
quantity limit ELb of EGR(s) is assigned to the amount Egr of EGR(s) S650. If processing of S650 is 
performed, it will shift to S660. 

[0133] Moreover, when it shifts to S640 and the amount Egr of EGR(s) is more than the amount 
loss-in-quantity limit ELb of EGR(s), a negative judging is carried out by S640, and it shifts to S660, 
and if EGR control action is performed in the amount Egr of EGR(s) computed at the end and EGR 
control action is performed, in S660, it will shift to S3 10. 

[0134] Thus, by the amount control processing of these EGR(s), if EGR control action is performed 
by S660, it shifts to S3 10, and the amount Egr of EGR(s) will be updated based on the deflection / an 
average of S value computed from the standard deviation of the effective pressure characteristic An, 
and an average, and the amount Egr of EGR(s) will be controlled by repeating and performing 
above-mentioned processing. 

[0135] As explained above, while operational status is changing, the amount Egr of EGR(s) is 
controlled by the amount control processing of these EGR(s) based on an engine speed and throttle 
opening. And when operational status is stable, based on the value of the standard deviation of the 
effective pressure characteristic An by having changed the amount Egr of EGR(s), an internal 
combustion engine's combustion condition is judged by making into initial value the amount Egr of 
EGR(s) set up based on an engine speed and throttle opening, and the amount Egr of EGR(s) is 
controlled. 

[0136] That is, when the deflection computed in S380 / an average of S is below the amount limit 
decision values EL of EGR(s), it can be judged that the combustion condition is stable (when an 
affirmation judging is carried out by S590). For this reason, he is trying to decrease the harmful 
matter in an exhaust gas further by making the quantity of the next amount Egr of EGR(s) increase 
by S600 continuing. 

[0137] Moreover, when the deflection computed in S3 80 / an average of S is larger than the amount 
limit decision value EL of EGR(s), it expresses that a combustion condition is unstable (when a 
negative judging is carried out by S590), and an internal combustion engine's fuel condition is 
stabilized by making the quantity of the next amount Egr of EGR(s) decrease by S630. 
[0138] And while the condition that an internal combustion engine's operational status is stable 
continues, each step from S3 10, S320, S340, S380, and S590 to S660 is performed repeatedly, and 
the amount Egr of EGR(s) is controlled by the optimal value based on the standard deviation of the 
effective pressure characteristic An. Thereby, operation of the internal combustion engine in the 
condition of having suppressed generating of harmful matter is attained, without reducing a 
combustion condition. 

[0139] In addition, in this example, although the amount Ea of EGR increase in quantity and the 
amount Eb of EGR loss in quantity are made into the fixed value set up beforehand, they are good 
also as an adjustable value set up according to operational status, for example. Moreover, it is good 
also as an adjustable value set up according to operational status, for example also about the amount 
increase-in-quantity limit ELa of EGR(s), and the amount loss-in-quantity limit ELb of EGR(s). 
[0140] Next, fuel-injection-timing control processing of this example is explained according to the 
flow chart shown in drawing 9 . This fuel-injection-timing control processing is started while 
operation of an internal combustion engine is started, and it is performed until it suspends operation 
of an internal combustion engine. Moreover, since the approach the control processing with as 
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fundamental fuel-injection-timing control processing as ignition timing control processing flows is 
the same, the contents of processing attach the same step number about the same step, and it 
expresses a flow chart, and explains it below about fuel-injection-timing control focusing on a 
different part from ignition timing control processing. 

[0141] First, fuel injection timing Tin is set up S730 and S750 of the fuel-injection-timing control 
processing corresponding to SI 30 and SI 50 which had read ignition timing Tig in ignition timing 
control processing by reading fuel injection timing Tin from the map set up beforehand based on the 
engine speed and throttle opening which were measured by SI 10. And in S750, fuel injection timing 
Tin is updated to the value which advanced only the amount Tia of tooth lead angles which was able 
to be defined beforehand. 

[0142] Moreover, when SI 80 in ignition timing control to S240 supports S840 from S780 in fuel- 
injection-timing control, and shifts to SI 70 and the newest effective pressure characteristic An is 
larger than effective pressure characteristic An-1 [ last ], an affirmation judging is carried out by 
SI 70, and it shifts to S780. In S780, the value of the newest effective pressure characteristic An is 
assigned to effective pressure characteristic An-1 [ last ], and it updates to the value which advanced 
only the amount Tia of tooth lead angles which was able to set fuel injection timing Tin beforehand. 
[0143] It has judged whether it is larger than the fuel-injection-timing tooth-lead-angle limit TLia 
beforehand defined as tooth-lead-angle threshold value of fuel injection timing, and in S790 
continuing, if an affirmation judging is carried out, it shifts to S800, and the value of the fuel 
injection timing Tin updated by S780 will shift to S840, if a negative judging is carried out. At this 
time, when fuel injection timing Tin is larger than the fuel-injection-timing tooth- lead- angle limit 
TLia, an affirmation judging is carried out by S790, it shifts to S800, and the value of the fuel- 
injection-timing tooth-lead-angle limit TLia is assigned to S800 at fuel injection timing Tin. If 
processing of S800 is performed, it will shift to S840. 

[0144] And when it shifts to S790 and fuel injection timing Tin is below the fuel-injection-timing 
tooth-lead-angle limit TLia, a negative judging is carried out by S790, and it shifts to S840, and if 
fuel injection is performed in the fuel injection timing Tin computed at the end and fuel-injection 
ignition is performed, in S840, it will shift to SI 10. 

[0145] Moreover, when it shifts to SI 70 and the newest effective pressure characteristic An is less 
than [ last / effective pressure characteristic An-1 ], a negative judging is carried out by SI 70, and it 
shifts toS810.InS810, the value of the newest effective pressure characteristic An is assigned to 
effective pressure characteristic An-1 [ last ], and it updates to the value which delayed only the 
amount Tir of lags which was able to set fuel injection timing Tin beforehand. 
[0146] It has judged whether it is smaller than the fuel-injection-timing lag limit TLir beforehand 
defined as lag threshold value of fuel injection timing, and in S820 continuing, if an affirmation 
judging is carried out, it shifts to S830, and the value of the fuel injection timing Tin updated by 
S810 will shift to S840, if a negative judging is carried out. At this time, when fuel injection timing 
Tin is smaller than the fuel-injection-timing lag limit TLir, an affirmation judging is carried out by 
S820, it shifts to S830, and the value of the fuel-injection-timing lag limit TLir is assigned to S830 at 
fuel injection timing Tin. If processing of S830 is performed, it will shift to S840. 
[0147] And when it shifts to S820 and fuel injection timing Tin is more than the fuel-injection- 
timing lag limit TLir, a negative judging is carried out by S820, and it shifts to S840, and if fuel 
injection is performed in the fuel injection timing Tin computed at the end and fuel injection is 
performed, in S840, it will shift to S 1 1 0. 

[0148] Thus, by this fuel-injection-timing control processing, if it lights by S840, it shifts to SI 10, 
and fuel injection timing Tin will be updated based on the effective pressure characteristic An, and 
fuel injection timing Tin will be controlled by repeating and performing above-mentioned 
processing. As explained above, while operational status is changing, fuel injection timing Tin is 
controlled by this fuel-injection-timing control processing based on an engine speed and throttle 
opening. And when operational status is stable, based on fluctuation of the effective pressure 
characteristic An by having changed fuel injection timing Tin, an internal combustion engine's 
combustion condition is judged by making into initial value fuel injection timing Tin set up based on 
an engine speed and throttle opening, and fuel injection timing Tin is controlled. 
[0149] That is, when the effective pressure characteristic An computed by SI 60 becomes larger than 
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effective pressure characteristic An-1 computed before advancing after advancing fuel injection 
timing Tin in S750, it can be judged that the combustion condition became good (when an 
affirmation judging is carried out by SI 70). For this reason, he is trying for the combustion condition 
in next combustion to become still better by advancing next fuel injection timing Tin in S780 
continuing. 

[0150] When the effective pressure characteristic An computed by SI 60 becomes less than 
[ effective pressure characteristic An-1 ] which was computed before advancing on the contrary after 
advancing fuel injection timing Tin in S750, it can be judged that the combustion condition became a 
defect (when a negative judging is carried out by S 1 70). For this reason, he is trying for a 
combustion condition to become good in next combustion by delaying the next fuel injection timing 
Tin S810 continuing. 

[0151] And while the condition that an internal combustion engine's operational status is stable 
continues, each step of SI 10, S120, S140, S160, S170, and S780 to S840 is performed repeatedly, 
and fuel injection timing Tin is controlled by the optimal value based on the effective pressure 
characteristic An. It becomes possible to set fuel injection timing as fuel injection timing with an 
internal combustion engine's most sufficient effectiveness, and to operate an internal combustion 
engine by this. 

[0152] In addition, in this example, although the amount Tia of tooth lead angles and the amount Tir 
of lags are made into the fixed value set up beforehand, they are good also as an adjustable value set 
up according to operational status, for example. Moreover, it is good also as an adjustable value set 
up according to operational status, for example also about the fuel-injection-timing tooth-lead-angle 
limit TLia and the fuel-injection-timing lag limit TLir. 

[0153] Although the pressure-sensor built-in ignition plug has detected the cylinder internal pressure 
used for calculation of an effective pressure characteristic in the internal combustion engine of this 
example as explained above, an effective pressure characteristic can be computed correctly, without 
being influenced of the taking-a-seat noise of an inlet valve and an exhaust valve, since the cylinder 
internal pressure in the period from before [ a top dead center ] 90-degreeCA to after [ a top dead 
center ] 90-degreeCA is used. And the effective pressure characteristic is computed by amending the 
error of the cylinder internal pressure in a pressure-sensor built-in ignition plug produced according 
to individual difference, such as sensibility, bolting torque, and temperature. Furthermore, the 
effective pressure characteristic is computed by amending the error under the effect of the residual 
pressure in the cylinder internal pressure which a pressure-sensor built-in ignition plug detects. From 
these things, an effective pressure characteristic is computable with a sufficient precision by the 
internal combustion engine of this example. 

[0154] Therefore, it enables him for the internal combustion engine of this example to control 
ignition timing, an air-fuel ratio (fuel oil consumption), the amount of EGR(s), and fuel injection 
timing based on the effective pressure characteristic computed with a precision sufficient in this way, 
and to control an internal combustion engine's combustion condition the optimal. Thereby, 
combustion efficiency can be raised and improvement in fuel consumption, reduction of harmful 
matter, etc. can also be aimed at. 

[0155] As mentioned above, although the example of this invention was explained, this invention is 
not limited to the above-mentioned example, and can take various modes. Although the cylinder 
internal pressure integral value for computing an effective pressure characteristic is computed in 
integrating for every 1 degree CA of crank angles in this example, the approach of accumulating the 
charge which the piezoelectric device outputted in a capacitor, for example, and computing a 
cylinder internal pressure integral value with the capacity of the accumulated charge may be used. 
[0156] Moreover, as a pressure sensor which detects cylinder internal pressure, an ignition plug is 
preparing for another object and pinched with a gasket between an ignition plug and an internal 
combustion engine body, and the thing of a format which detects change of a bolting load may be 
used. Furthermore, although this example is a direct injection mold internal combustion engine, it is 
also possible to control ignition timing, an air-fuel ratio, and the amount of EGR(s) by using the 
control approach of this invention within inhalation of air in the internal combustion engine of the 
method which injects a fuel. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 4/12/2006 



JP,2001-152952,A [DETAILED DESCRIPTION] Page 22 of 22 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 4/12/2006 



JP,2001-152952,A [DRAWINGS] 



Page 1 of 9 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
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Abstract of JP2001 152952 
PROBLEM TO BE SOLVED: To provide a 
method of controlling for an internal 
combustion engine to high-precisely calculate 
an effective pressure index by a cylinder 
pressure detected by a seat type pressure 
sensor and control the combustion state of an 
internal combustion engine to an optimum 
based on a calculated effective pressure 
index. SOLUTION: In an internal combustion 
of an embodiment, after a value obtained by 
subtracting a pressure integration value A 
before a top dead center from a pressure 
integration value B after a top dead center 
calculated by integrating a cylinder pressure 
detected by an ignition plug 1 1 with a built-in 
pressure sensor is divided by a first correction 
reference value C being a difference of a 
cylinder pressure at a BTC20 deg. CA and a 
TDC90 deg. CA, by subtracting a second 
correction reference value D being a value of 
an effective pressure index during shut-off of 
fuel, an effective pressure index An is 
calculated. This method corrects the error of a 
detecting cylinder pressure and calculates the 
accurate effective pressure index An. Further, 
by controlling an ignition timing, an air-fuel 
ratio, an ECR amount, and a fuel injection 
timing based on the effective pressure index 
An during steady operation of the internal 
combustion engine, a combustion state is 
controlled to an optimum. 
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VALVE OPEN) >T. Jti^fi^^ (flfiS) 

[0007] E**y^£«j£-f &Emfi?^;L 
iSJStc <}: o T ift&ErtttfStftt S £ t fc ftl £>iiT v *4 . 

d £ t, am^^oja^-ft^^-r * m&o^t&m 1 

0(a) fcSrf. 010 (a) li, 2 0X:Oi:#c0Et) 
•fe>~9-oai^lEtSr0%iLT. %J££MzJ:2>E.j]± 

10(a) ^-rE*-by-9-0#tt*^. S^J-feVlfcT) 

[ o o o 8 ] * lt. a^-fe y^imm-hSMm=f- iz 

mzgm-r & m^nmmpb hzbim~?x^&. & 
tz. Emm?tf&})-r & mmfiw:>bx'$> ztcab, -m 
&mm^\ii^m^tmm^mzj:->xmmLxm 

$>z>mmi>. tmmmzx^xmmztixLiib. z 
<of&m#%mx'£%^mizKt^x vt o . 

[00 09] ZZX\ SMM^ZH^t^m^WM 

(a) mm±. m^^m^x. mmco2® 
<n®mmi*.y+r (^y^ri. *yy2) tmmtz 
mc&EEumuzi&iftiffiftwmmKJi-tyybizx 0 

ffifiE&miiiL. ±mj!Wib±tt&.mz&tfZ>ffifiE<7) 
mttmcr>£t:ni}i1-2>ZbX'ftr>tz. ^rfc, 03 (a) 

03 (a) c«i-»tis«*»4>. mmcomm 

K-ft^yVXh ~>X t, . JTffi Ufc«»£BHR*«JWr->T 
v^£k* J fl.5. £<0£t*»/i>. E«^^JSS<Offli*; 

[ooio] $t>t,z. imK^ywz. tak-r^m 
Btbttimmzmm-? h z b x-mftmzmft-t&fzth. 
j^r??w')tti,y%<?>i&iibttimmtfm%&b. ttrt 
mrtszmz &h®^\mn<rmmizwm>£cx 
o.mz. h>u7i'y*%b'<?m#ittimmi$mt& 
mmim^xt. mm&jj*ywPEj}tfiiiit,zimL% 
^wzizt X'ffimiznmywms. z t h z t imn 
Mzmmx$>2>. *<?>tz)sh. mmm^y^comtas.^ 
tfoai^#e{i, j^7-=7?<r>uthmmn<r>mfrmzSi 
zfmz&tthzbizKh. 

[0 0 1 1 ] ZZX\ ffitMMt OSZfclZ £&mM 

E.i)*ywmiiiEji<7>&fcmzmi o (b ) tz^-r. 

010 (b)(i. i6gi6#(tb;^^2 5N.m T-J>S^c7) 
ffiaE^-fe>-9-Ott5*fl^$: 1 0 0%b LX. ffiibtttf 

(OM&*?f:LX^&. 010 (b) (C^-Ttfc0> 8S#> 



5 

±#-f4 (fcB^m?t*>'^#<^.S) . ZKZbfrh.m 

(oftjjm^^it lx v>4 z t #«4 . 

[0012] z<7>£ o iz. mw£h*:>*n±^ a*. & 

^fcrMHA^ixSik*^ ^SO^V^rtffiSr^ai 
*2&EE*M&£ jEJIKgaj-T 4 >! k <i»S«fcfflllT* 

4. 

coo 1 3] ttz. ffiftmz£m#>ttimn<D$n\L 
mi,ziFm-&m&tfx<7)ffiftMix< l z£r>xm!£im±i 

[00 14] «SA-fe>iMcJ:"5«ttBUfc« 
flffte . «E J: 4 mmftf&t& Z k * fc*> 

teifo/tjiso«jai»*H4fc5Nrt. wgu, &mee 
jj*>vt. mm&izmt&i&jmiuz&iftenftftm 

«.CtT1fo!t. 04 (a) Tli. IfttSr^V^k 

■t. 04 (a) fc5^1«aS*&»fe, girtff<Ot:-^ffl 
ffil/Ov&#, «rt£E<Ot-^*ftliJll,fctKi. Art 

fc. 04 (b) fc. tt»ftfc:SMff*-b>"9-fc:J:0«ajL 

t-ftu-^^AiWt**-. 04 (b) amiuMti,. 
[0015] znmmsurt,. ±M& (JHT. TDC 

k t>^3 ) flKC*JWC*i. SMffi^-feV^T-{i^l*lf¥3i 
fflEft*>-9-<o«aj-*-*«rtff J: 0 fcW^EEA (SEE) 
«rtftifil/CH4£ fc*«tt4. *LT. ZtiWEfiBWlZ 

izm$,-tz>ztrfmL<%&. 

[00 16] Lfc**->T. ffiMEfrfeVU-CkO&ajS 
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i*»MM«Eo»*(cJ:6l(l»i. mgilizmE.fi 
-fe 1 rt«WSWK*K» 0 If ftfcBfcflrttfctSft* fc 

jsrcnafciijeu mmz&txm.mitzniEmmm$: 

SEE** ywttij]&m*2£tt.vx »<m>*>ii&>. 
tm&Mz x * hje-t 4 £ t **aj#& v ^ v > 3 n 

jS**&4. 

[0017] *ft!SUt. - o U£RHWc*»$r3*ifcfc 

*85*«flW4 d k * BWk -T4 . 
20 [0018] 

mmzmtt:E.mm^zx *)&x??ym>ttvmm. 
crmt*&\Xi-th z b X'Mmm<r>mft&.*tk#i z 
(offiftrnzm-jK ^xmia^Mi nmmnmtsm k ^ 4 

x'h^x. ®ssjvmixfrt>? 5>?fttf±mj&<izm 
i-&*T<omzfctoK-&mMzt3if&ntoE&mfr 

?&Zblz£K>±Mj!ltiiEE?)mftmzmiiil. 

30 fttf±mmz& Lxfr a>m&t&m < 4 -cama&bt: 

-3ai8IBrt(c*j»t4«rtJEtfll4H-4 £ k J: 0 ±MA 

®EJjm#mzmiii l , .tjE^^ff* m#m t imam 
saw:*-** rtMimsrWffli-r 4 r k ^wstk -r 4 . 

[0019] rtiSHin-Ctt. 

•ti:4C:k-C^-r4E^{cJ: 0»^^?te$-^-CV^4 
*«. ««WcOt6*agkLT^$ii4fiE^{i:. _L3foS 

tk<mmmn<oKti mn&) x-$>h. l^l, ±je£ 

H5t;^f4m^f*=I«0£E^(i±5E^^)«S^Mrt<7)S 
40 *t«fe8**fc»(£flWB5it4. £c7)£k*>f>. _L5E 
^8W«rt£E«S4MI k ±5E^M<Of§Irtff^«^Hl k CO 
H* 5 . (*I^I«B9iOi6*iSk UTlllRfcffiffl§^4£EftT 
J>4k«T^4. iot, *%bj (ft*Jai ) ortM 

w$mw*mizmfz?ma%jmc?>mtii-%mcr>£ 0 

±5E^f*ff ^J^ilk ±5E^h?E *«^fflk iOH^^to 
4£kT\ ««ra^i6*jg(k LT*^{c«ffl$ii4£h 
^jSr^ffi-r4C:k^T-#4. *BBWC-<i. ZOKfj* 
*»£SB»k t»cok-T4 . 

[0020]^, ^r^cOKOfW^WiifcEE 
50 S^lc J:')^tiJSn4fiirtE{i. 
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Z>WmsJXcr)&W&%nxLZo. *ZX\ HSrtEEo 

#fm#cD«^ i S»y 4 X<0|&§£ j8^iTeil*^ 1 E£ 
y 4 XlzJ: hWMitfZi t h Z b *<=5: < =5r & . 

[0021] #&bjj msmi ) ortmtsrasi 

^H^%^E^iSr^-r<i^t)&ffii:=5rSC b £51 

mmce&mmiTimjm&z&iii-t&b&iz. w>n 
ftrnmBtji-ty+zm^T 1 7J\rkmztitf& 

itm- h mz i> m \ »*c* o . ftmmnmi} 
mt txmiztifz&fiziEmizRi&LXimzK-t. 
t o o 2 2 ] 01 2 z&tmmmfrk , tmrnzwi 

[ 0 0 2 3 ] * LT , *»jEJIMtt*. MHHU*0flMftR 

mizm txmn>*£{t?& zb&t>. tmsmizts »&m. 
^com&imzm-tmwkb txm^z zb&xz & . 

[oo24] Ltitf^x. *mi (wimm) <?>mm 
mmwirmizxtuf. mMKu-tywzxvm&Ltcm 

-r&zttfx-z. whEmazm-iz nmtmnmmk 
mz&mizfflwi- ti^im 
[oo25]^*>, mnK.<r>mhmm<r>n\£Kmb l 
x\±. m±.i$. ffiftmz-fctifmmzbzwi-fe?? 
>7ftmzrnn.-thzbiz£ om^m^m^w-m-t^ 

±tt&ffi90' CA BTDC 9 0* CAfctH 

o) *>ti>otf>t!>±.a£mt)L. im&.zfr-i'tiHzmmL 

M9 0' CA (&T\ ATDC90* CAbh^o) 

»RM#OK®[^{JBTDC9 0- CAJ: 
0t>H((T*> , 3> P^<7)^SCB$M4ATDC9 0- CA 

[0026] ±ffiarttttWHMM3r&(: 
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^7^^«*<Jj€^mr9 0- CA*^±5E^(c^f- 

s^T^rarttfctt-g.i^rts^a^-rsc: biz* in. 

*>£>jh?E£f&9 o- c Atcjtr •& tx-commmz&ifz, 
ftftszmft-t h z t J: omaj u ug^mffi^a* 

10 [0027]OiO. CKJOi 3 lC±5E^BuS^ttfc±5E 

msw>mms 4 x<r>&®z%.»hz b%< n^EEtm 
ajT-# , ftmwmomjimb Lxm>tu&si$imjmz 
vmiz£.fti- h zbifix-t h<nxh & . 

[00 28] &tz. ±5E^BU«^ffifc±5E^m«^Mlfc 

z%&-$-&ymcog:Ztf%ti?tim%&b. m^t^m 

(mO%2) X'd. ±5E^I59 0' CAfrt>£K£L&X' 
20 JJfo&*>£±$&£&9 0- CA^fWS 

^^i. TDc^wtx^r^o. m^ffl^siaj-r 

[oo29]J:ot. ^o^smtcs^^ . mmv; 
mvm±.-rz,x o izftmmmzmwth z b x\ mm* 
mtw^nftmsmv>mm**i&b =ts . 

SSffi^-b^-y-tiD^ajU^rtEt^v^T. 

#-m%&<r>m®.y4x<7)%m* ! g:vz>zb%<. 

[0030] «iaiL^ffi*(CJStT 

«?§f£aj*-f h z. b twje Sr^m-rsftffi^-c-^s 

aj^-r«>m?t{i«/hT'S>.2»it*^. jURfcttffi-r 
stcft^-^Tti. ^j^.<f. 01 1 izttt$- i. o %mmms& 
6 uzx-yxmiim^zmmLx^z. 
[0031] zzx\ mms»6 i it. ^Rmxiis^ 

6 3 a^tffi$ix % ^fiA*«T6 3 b im&6 5 
40 LTSt*f«:M$^ t aj^jSgT 63ct SKA^ffi 

6 9tJ:0^$<x, 5Vc7)^mffi^«*&$iXT^S 

3f^.r^r6 3cj:i3^§nTv>s. -tLTs eiai-r 
z>ftf*imzfctxEmm?tfiiij}i-zwffiiz£~?x. r 
teA^^f 6 3b ca^j $ tiz>m.mpgm i> , ^ 

cosassr^ryre 3^tiHL.Tai^^6 3 c*^ 

mn^tzy-rw&w&mzx z 
ttfSK&o, ff^^ai^fi^-triiit^ai-r-sc: 

50 fc*nsrtg{c^§. 
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[0032] LfrL&tftz. sMM^m^m^mm 

Mjmmzm'tm 3 ( a ) t # o . 
se^j * v+rx-h o t t, . maj l fcirsiFSfaBWw* •» 

[0033] L*»U 03(a) &Srfmmaifr t> * 

E^-fe^-f^aj^^ttti. «rtfffc»LT-je<ojt0w 

[ 0 0 3 4 ] -e UT . SfgtKffiSflE^-fe ^TD Cm 
0. Z.Hii. 13 (a) ^-T«^**^t>WSJ:3 

««SKfciBtT**>4ik3&»<9, TDCflffcUMBSfii 20 

^t±.wjm&jimttm<7>mt Lxnteztihums. 
[ o o 3 6 ] o . ««#)Wa!tT*»4»jto»£BWJtt!r* 

mtxfr^&kmwmtx'coo %W£h i^^nnw. 
vmnzx. nxwhmm&'mth z t x\ m&cnmwm 
<,z£&&ftK<nmmzmE^hzttfx-%.3mE.mm. 40 
ZiEmzn&t h z t w&*h<r>x'hh . 
[0037] mmz. (if^s3 > nmammm 

fc»«JSas*£*S:, 03 (b) (c^-T. imtit 0 

3(a) iz^^&m&nnmzm^mmjiizv 

-9-lCfcttl> N BTDC 9 0" C At BTDC 2 0* CA 

t<7>mftm.<rm£m^x . 03 (a) citisffi^ 

[0038] JSKMiEMr (03(a)) Tti, SME* 
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ie^ (03 (b) ) x-mmm-nrnttLxiiK) . .>s 

LTSax* (M**3 ) *Jfete*Jtt6 

iE$ttt:G%}Em&zn h z t a*aj*& . 
[0 03 9] x -> x. z^miwmxzm^. mm. 
•wuw* j: 0 izwmmzmwth z t x\ 
mmmx-cvftmfflRcom&mm t * s . Lti&i 

i*mz£*)£.tz>®\HEE<7>mm;zmELx. tarat 

rtJH!H8RI<0«g^KJiR£ «H(z«l«rr S Z b &*imb Kc 
[0040] bz?>x\ fm&.j)*y*ni. mcr*?r 

«oaw>ft(t?^fi<?5^ESr«!aj-f * i b izi O^iWES:^! 

mzjFtETzm&tfxcosLmmtiizj; o-cie^ml 

Tttd (04#?I) . ZcoM&n&mzJ:*). 

<mm£iz&<,f&nfti£cDm>tf i m*?Mz%>). mmco 
fiirtEs-iEsnc^ttj-r zzbtmL<tc*), ^mmm. 

[o 04 1 ] »^«4t=ieacoF*!^iaM»jffli* 

*$tiE^$r*tliU. 5fe^a^^^JU§ixS^r5SEm 

tihimmmfrb. m2%nEmmmz3\<zbx\ m 
ME.mmzm'i^xfim®MZfflw-t& t «t v». 

[0042] 0 N ^{SRlO^SiSBttcti. TD 

cwi(7>mj]m%mbTDc&<7)Kjmttmii. wmuz 
im-mizzzw. nmz%.mtstizmj}mftmte. m 

ftLte X 0 ■ZWZcD&Wlz 1 *) . TD Cf^E^S^-ffl 
C0*^# ^rfitSr^-r i b Iztch . 4>tT, *^te^f 

li, SEtc J: O^t^ffirtE^iiSn^^-Ti fc t =5r& 
fctt. ClcOf:#cO^!&E^5-|21iLTfc#. ^ffiL^ 
*0»Em*^llt?l<c:i:X\ ^E^iSl^^ffliE 

L^*s&E^ms:«ai-rs ^ t *»"C# h . 
[0043] iot, dco*s&EJiS:^^#s mm. 
mwt-tzx 0 izftmmmzfflw-t % z t x\ 
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^E^^msiK saw-* it w$&e 

[00443 ®$m*>wm 

k'zmm-&zkz'mmztix^&. ^>to. sSskm io 
m. zmmt. mmimzm-tEmk^mmMmmiz 

tf-%b%z>&mu.:m&ttmx'iz. m-nrnwrnm®. 
#i^ztixftmmtffflmtLZztizzc&. l& 

mmvm. iza ^xi>. m,^%<rmmm\im.t^ti i ^ 

fcLX^2>Zbtf<mt>tiX^2>. Z<T>fzib, ZfeLtzM 

[0045] %zx\ ftwmzmwt&nMmww 20 

LX\t. miZ%5i l ztm<r>lo{z, nwm<rm 
wmtf&feLx^ht^frzvmL. 'j?%<ti>fim 
mmnmm^M^^Lx^h^mamzi^ sms. 
tuiteiraiu w.&ztLtt9)g&mzm^x. « 

[ 0 0 4 6 ] =5rfe, %%>s.mm±. m&wmmKZz 
iib'*z%mz^zbfrt>. fymwmizmir^m.^. 

n®MW&Z&timi: Lxm^z z b #T't< & . 

&feLKM&vmiz}$i?z>ftmmz. immm 
mzm-3^xfflw-tz>ztx\ xi&^mmimx'oM 30 
mzmm-zzbtftamz. 
[ 0 0 4 7 ] * lx. ftmm<o<£%mmimz&iii ttz 

&Ztit:imK.m®.£ t )l>±Z<%Z>b1*lzi^ &\s\<7) 

j^mmzmttikttmmt&izj: hmtnfob m 1* 

ftlz^itZit. R*H=. j&kvUWZ'fibfZthhlxfz&k 

^m^itrnfm^it^tzmzuta^timtE^msm 40 
mK j^mmz&fcz&zmz»iiiztLtiimmm®. 
ixrxh hb% \,z\t. ixm^j^k^m^mKAik^m^; 

VCM.IZ X h$ttt-%\?nb HZm^folz^itZitZ Z b IzX 

0. &:kmMzmw-t%b£\,\ 

[0 048] Srii. HRfc, tektifttSM. MftZittzi®) 

&i,zM&%<7)m&vmti { &mz%&z t tftabtix v v& 

b'tx. m&vmmiTLxLto. zzx\ fijkmm 
izttt&m&vmemitziiiig-t&tzMz, j&k&mz 
&itz^tzb*cr>^Kmi.<m.itzM%.Ltz. -e^afl 50 
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^*2r05i^-r. mm±. uvmnrnmrnzm^x 
m\ j^ftmnmizmmmsffiMz^tzttbiscr, 
imsnomt (a/f) K-^-cmaj 

<7)^^^-tzbx\ wimmz«kLx^&. m 

Nii« J^EASrO* CAfctt. ^B#^31^ (±5E 
&£*)hm<r>9?>7ft) £lEOtt. Sift (±5EjSJ:0 
if&0?7>?ft) ZM<mb LXULX^t. ttz. 
mmt. ±5E^2:0- CAbbX. IttAX 0 i>m<?>7 

?>9-piiiE<?>®.bvxmLx\^. ttz. ^mmm. 

UL 130—160. 160 — 180. 180-20 

o.2o o-2 1 o<o4gpg£. *ti?nm%z>mmx° 

[ o o 4 9 ] m 5 tzm-tm^m-h^. m-commtiz 

(.fijktirwi&o' cA<vm) zmmb Lxmrnttz® 
}ii!k®Mzmftz&zizm^^mmitfm\\Lx 

[0050] («*«6 ) X'lt. j±^B# 

; b c j: himmmvmuz «t ->T«waiai** 

[0051] ^B#^Sritft§-ti:^^S:ai$ 

x\ ixmnj^iz^xmzffimw&ff&mztc&mw 
mnx'Zz. muz. j&kmm&mftZittzmzniiii* 
titimEimtf* mfts-tt&iMznmztitzWfiam 
&j:9i»h2<%z>miti,ziz, mmmm-B:bti:^tz 
zbtm-Lxx*). iXMco^k^m^mn^hzb 
x\ ttmn&kizMfi m&*m * &mz~r h <oxh 

[0 0 52] ZCOXo IZLX. Axmmifflw+zzb 
hzbtfxz. &fz. s v*y?<?>mL*m8itmtfm 

Vct&ZbZWm-hZbtfXZh. ^r*5. j&k&fMZ 

bmmmi'm tx nmmzmw-t & izi& uti±, 
mizMfizit&zbT. mutum** o&mizmm-h 

ssr J: vmmzmwtzz btwmzttz,. 
[0053] L^^T, *mm m^me ) c^rt^fis 
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mmn&izxtm. i*>immcowmvim&£%Lx^ 

ffl<VMmW&i>&^j&ktifWlT'3>>&MBT (MinimumSpa 
rk Advance for Best Torque ) IZfijkmMZ l&^-f & 

[0 0 54] ttz. m5izm-?MimgkfrL>. &mt 

( A/F ) < £6 (ttft>IWft#t4Nfr< ft* ) tl 10 

I 0 0 5 5 ] *£T, rt^lSMOS^3l«I«^ai 

tut mmsmm %tihiitowmr>»i6na& 9 

tt. tt8<Mt*£ilHlli3-fr&«l«. *5J:tfEGR»£« 
*£kKJ:0. 2«H:afcttEGR**iWflWii:J: 30 
[ 0 0 5 6 ] WbWmLcnttnmtf*) i»tt. 

*enbwraere* « £ t * £ t t,z% & . 

[ 0 0 5 7 ] *£"C, *»ffi*HBW>**OlK36*0 

w*>»»*>rtLt*BiD. wmm.<m^<r>rm 40 

tt. £MJt£ffi;<-f& (MieJI*S£Jf;!)o£-ti:&) it 
•Crt«S«W^«^«JBSr3c^fl:S-li:S kin. 
[0 0 58] EGRltlJ, 

iz?mmzitz%mtf*<r>s.cr>z t t-j> 0 , £ <o j 3 c 

^£t*«T'^.&^T'J)€.. t*>U -e<ORffi, EGR 

< fc . mmm&T^mztc 9 » i*js$*siitf> 
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[ 0 0 5 9 ] *.I-C\ *SSflEmco^c7)j£^'D Sr^-T 
tfftf'hSVUfr (JWftRJftWSjgLTV^i*) EG 
R*££<-f£<rfcT\ mtff**<ry&mm<r)%&£ 
mrtHthZbifiX'th. ^fffg^t^^JE 

# 9 v % fc » ( «w««wi«5RejgT* s 

I*) fc»±, EGRS&^<-TSitT\ AflMWBOjtt 
[ 0 0 6 0 ] * LT. «9flMta*&*fitt3-tt-*fctf> 

IztmtiL EGRJb&sfifctfl (RS-fftt) k&£J:5 
KttWiik (EGRBR^$IJ») *<gfcHtLVV 
[ 0 0 6 1 ] i ->T, W»£Sfi»O»*Ol£36«0 

»i®Stfi*5 J:i;egri^< fc iivm*^-;trcofW 
aSrH^TLT, £Mttfflmt tti E G RI8#$W$-£ £ 

t (c J: 0 . ftmmmammm&&&tt.zit& z t &X- 

[0062] Ltzv->x. mimi ) 
^KmmcottisicofeWKiim-tmizm'j^x . m 

fc. y-y^f^O^SrlS5<'£i:*<ai*S. 4fc. EG 
R«Srg3S^fitcS(JfflI-rS£i:* J T^S^. Sf{fJ^X 

[0063] <^fc s jK»»flmn(cwfi«stUTa^- 

EGR*<ottfc. ftSHWIMfflBfcov^Tfc, EWE 
[0064] lW®l*HK«BS^i3^T, 

ineKHmmJiBEiuiic -t ttfttm txmz^tz 
mtizim$m%ftmz?ftfctoktifcM®®8tBm 
^it&tzimitz ttmz$t.ihi* ti&imK.fmtfi. m 

[0065] mr^<7)ia5^-t«!i^(am<to. a 



1 5 

mmmmz&fczittzz t iz* i^msm^^mz 
£ixm&imzm®L. zcypmmMkizm^xvm 
mtmmzmfe-t&zbx: mm$i«$wiz&miz®w 
■t&zbi><*imiz%&. 

[0066] mta. mmmtmmzmtbtimizniiis 
ixttmKW&tf. mv>hmz&taztif&mmm®.£ 

imLxao. &®nimm8mMi:m#>hztx\ m 
iz®mm&)<B:mz%2>mtfimx'Zz. %mz. mm 
mt&mzmfrtzmzn&zti&^Kimtf. m#>h 

ffilz»ftZtitt%)E.m%.£ 9 t>'h% < Kczmsizu. 

mm^mi^^t^^tzzbimLxnK) . <x®<7)tm 
*mmM*:Mt>it&zbx\ mftfmw&mzKzxo 
iz-t&<vx'h&. 

[oo67]i<o«j:dtctT, fsmmmmmium-th 

iz-thzbtfx-%. ±*s. m.ffi®mjmfc?hzti:® 
mtzztwx-zh. immMmmzmt>itz>£ 

a. x®commm$mMi:mzmt>it&z:kT. t&mw. 

Wii:J;*)muzMmt&CLbittmtz%&. KMlz. te 

mmmmv>%fcmzM.& s tit ima mmmtm <r> 

[0068] uta^r, *3&Hji (is^s ) <ort«s« 
t,zzz£oizffimmM#fM£®w-r&zt&x'%. mm 

[00 69] 

[«W<0Sdt<0»Ml] JaTte*WB*>**H*Elliii:* 

ftmm<7)ffifo*m-tm.wmx'$> s . 

[ 0 0 7 0 ] ft. 0Jffll§gS (ECU) 19, EGR/^ 

ri7. ;5y;#4 7W^Ma, 
fi5$(;:K(t£ft.£i<9T£>aa*. Hl-etiEIHtJl^f 
<^£fc»fcl$WftfrWfc£3lUO^S. Hllc^-TO: 

S*S^»co^ii!c«$r^-r* fc b t> (;:. »W»t« 

^*«£fcEE**:^l*i*a*:r?*'' (OT. 

9^fct>v^) i it. ^cr^^i i\,z>xwm.*%t. 
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M^x?*) 1 5b. m9W-Y3 5<r>W%#X* 
©Sltf- h 3 3 fcflK&S-fr* fc#>OE GRA;wy 1 7 
b . 5M5*»^<OflMWc«vv -f ^13, «miSSt 
#15. EGRA>/1 7^LT*i^-fi-^Sraj^L. 

«r*««RB (ECU) 1 9fcfc«£-a>*. 2r*5. * 

*lt#l 5 (4. fjmSr^^WcESWtr&ieicfil 

10 [007 1 ] fi,'X7"77\ 1(4, Ml 3tZ^-ti 
0%ffim.Tt>*). ±#&#U 1 a<7)ftBlzmjj*y*n 
lb (M*<m) ZfiH&LX&O. »#>tt(f?fS<7)^l: 

^ai-r&cifc^E^ait. aj^-r/n 1 c 

1 bcoaj^S^ifflt/jN-C^S^. 03;i(i\ ffi 
BUSH 1 1 t^-f <fc S^JifiaiSe l (cJ: oTHMHS 
fufcEEfcflre**. ECU19CA*S^. 121 
T(4, tMfS08lcoia^§r«B5UTV%§. 
^1 1(4. ^-f ^ 1 3*^«&$iU>£*flmmff 
20 Sr^^gPl 1 f -C5WU **«fiil 1 efc^fflJUtBil 

[0072] -?-LT. rt^a^lti. mfS (^'J>-r) 
4 3c7)rtgP5:afX«i!|-r.5e^ h >4 1 A J . it«M*4 5 

£-ftLx?7y?m4 7£®mzit&z.bx\ ftmwm 
# ®^#3 7 < £ b x-mmm. 3 1 izg&zm 0 

«#1 5^MMS3 1 fc«*ttiWltU-CiRA«t^W 
30 s. c: ^ t # co^Jiast^fc i V^iSW S(4 , EC 

u 1 9izxmftznhimcofflW!>mi l zi:-oxm.f£zix 
h. 

[0073] -etr. mmiMX'it. vxhy4i#±. 
K&izm?zmzj!Lk77fi ix'!kimm*miZ 

£E) 2:±#§-frTtfXh>-4 1 SrTK$-ti:S £ fcT. 

^31 iortgpo^^x ^#f^- 1-35 t,zm aj-ri. . 

[0074] CICOJ: 3 =5rl*lM«^cOSK(4. EC U 1 9 

jc J: ->xmmzttx a o . wtcec u i 9 xtfbtiz 
jOsxmmm. gmitrnw ummts®m) . egr 

iWfflHSl 9<4. mTlcift^-r-g>^3!^^^y>(c. »ij 

50 ^**sa-rftjiiE«m«aj«HitfioT^*. 
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[0075] z-r % ^mmm<r>Aikmmmm9mi l z^ 

b. 4TS 1 1 0 ( Sfcfc^vrMW) Tli. 

&t3xvxvv\*>um&t:mi£tz,. m<. S120-C 
K^aatt^jsKHrtwDBi! lt mw&»t:im LX 

\M>. ZLX. S120T*jgflJg3it4fcS14 0fc: 
*frU S 1 2 OTBJgfflJgSiii k S 1 3 0(c»f?f 

[0076] S 1 2 0 (cfjfr UHHC. rtttRNa»E 
tttoWSHfcl/CV** fcs S 1 2 0Tg«*l£S*U S 1 

3 otsgffrf ■§>. s 1 3 o-ro, s 1 1 o-casjgsfufc 

iMStl/^vra^jfelcBMHT i g*BB&t»£ tX-jH 
(RESET) r*. WFLGIi *2fcE*£gc 

a n eosmzfT o titxntonm&nm ztiAzbtmr 

tmX'f>h. S130CO9mi> i ftbiX%>b. S24 0K: 
Wttth. 

[00 77] f Lt. S24 0T'(i. «ttfc»SBS*Ufe 
MfcOj&WJHT i gfc"tjfe»C*frV\ jfcWfrfcftl. 
kSl 10(£gftrrft. S120(c8frLfcB 
fc. rt«»|»0^««*^€LTV^t. S120T' 
mfeWJtSfU S 1 4 0CWtl». S 1 4 OTti. fcj 
IfflFLGtf-te-yb (SET) 3*VOv&jW»»fcfi|Brl, 
TiJ 9 , «je«3feS*l6 k S 1 6 0 IzWfi t , SJgflJt 
SftSkSl 5 0C^frT-5. ^«tl. UJ8JFLG** 
y-fe*h8iVCH4fc, S140T9&NJg«ii. si 
5 0fc»fTt6. 

[0 0 78] SI 5 0T'{i. 4"$\ SI 1 OX-SUSS ft 

£E*-t>"9-i lbizxtfuazixtzmmm^mmzix 

fcH*L3rv*tMtt»6, ?7^W90* CA (B 
TDC90* CA)M270' CA(ATDC90* 
CA) 4T-<DB!!#ffifl# (fSrtflE) 

[0079] zzx\ ^hmm^Ancontau^ 4 

fs B9&X,*5JttttBE<3* (WrtE) 

CA(BTDC90' CA) *>4>±5&£ (T 

dc) ^-c-^iirrs^cogirtBES:. ;7v;flr c 

AfttWLT, ±JE»i5C«rflE*W4MiA*««>S. Ntt 
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(TDC) *>£>270* CA(ATDC90* CA) J 

■ctaitiiiinoiftK, ?7>?ni° cAfit: 

CA (BTDC20* C A ) X'foZ&fCO 
«SrtE» *$J:tX90- CA(BTDC90' CA) "CJ> 

&n#o(§ii*iEoiisr*ft, $ i miEmmmc t lt we 

[ 0 0 8 0 ] ©flfficOfWatlBite? 5 1 ' 

io &cr>T-?&i£ v )&<-rzzbi)S*imz%*). xom 
soii;v^*S6ffmA n srsm-r h zbtfx-th.zm 

IZ. Sf^raPiSr#<i--l>C:i:T\ E C U 1 9 COWUMIkffi 

timtzzbtfx'Z&tf. mmz, m?t?>ffift&cr> 

tf&TLXLto. £<0fc*>, ffimmb LXlt. 'J?% 

< b i>whmm.An<nnwz.&m%?-?&*mkX' 

#Sg*fcJK, 4fc. ECU1 9<05SBttm#»RC 
*< =5r£>& vvg«t:ffl < &*«Brt(cRJfr*-* k J: 
[0 08 1] Zhlz. *XT-y7X-lt. znbZcomm 
20 1M ?/tTW88R;& -y h (JffljgBt) T*6*>S*»*W» 

«»EHft««3&«BE« $ ix^m 2 ffllE^ffl D com 
0 atr. * LX. *2&E8t&A n » , 1 KBtfMI* 

AtftL9lv^«[t, »l«E»WiC-CI»Ufe*, * 
2«QBWID*aL9l<ik'C«aj-*-6. 
[0082] 
[Si 3 



30 



[0083] ^<r)b%<m®*r4 9Mmmsk 

•C**«^feli. »lfc*JV»T*2lia3WI«D*llL, 

*«»«A*aL5l^fc*t*l«E»»ttcn»LT 
#fe<i4***ttBBWiA n t UTJWl-r* k k t> fc. 

[0084)§4,C. S150tli, *fflLfc*3»ffill 
iiCAnWfiSr. WISI<0*«JEHaRAn-lfcft\U, £ 
40 ^AcB$«T i g bto/zMMar atfim 

#>timzm.mL. *LT. «08FLGSr-fe-y h (SE 
T) O03N»«(fffan« k , S 2 

4 0C^tf^S. 

[0085]-f-LT. S24 Ottt, «ftfcJWJS*Ufe 
j&WffIT i gtT^S-^V\ f&ktffrbtlZ k S 1 
lOC^fS. 4fc. S 1 4 0 IzWtrLtimiz. WS 
FLG*«-fe.y hStlTV^k. S140T#®Mfe8 

it. s i eoizWirrz. s 1 6 ot-ti. 4-f , ^bkr 
5^1 ltfoff^-feytri l bJCT*ajS<rfefli«E«^ 
50 *»K1t3ilfcBI*U.<rV^E1MM»fe, 9? % s9ftifi9 0 
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• CA (BTDC90' CA)*^270 < CA ( AT 

DC90- ca) ±T<7mmm^ (mns.) s-jxa 

[0086]^<S17 OX'li. gff ( n®g ) tf0^5S 
EfBftA n*», mm ( n - 1 HI ) ^E}1!A n-1 

S 1 8 0 fcSff L . 5J@HjeS<tft t s 2 i o iz&tf-r 
4. SI 7 OfctWrUilRfc* gfcotffiMAn^ 
fHa«*3»ffifHRAn-lJ:0t**V^, S170T' 
IteffljeSfU S 1 8 0 teSfff *. S 1 8 OT'li, & 

[0087]g<S19 OX'ii. S 1 8 OT'SSiLJt^ 
•>&mT i g<D<I#. j^MB03IMIMMt2: LTi^> 
3@6fefU:aWiy 5 v bM^TLaiO 
5*»tflK LTfc 0 . it%$>lfeZtlZ> tS20 Ofc^ff 
U S^fJ^Sit&t S24 0^tT-T5. ZcotZ. 
^kmmr i g *^ y 5 y r- ^fcWJ«T L a «k •) t>± 
» S 1 9 OT#5g¥<i£3*VC S 2 0 o taw? 

L, S2 00TI1 ilftyS-y h^JBTLa^gS 

M«iTi g£ft/w-&. c:<xt=j:o. ^kmm^m 
mizmn lxlzw mmmctfm#mw*&mz% 

2 4 o c^-r s . 

[0088] S190 fcfWfUyiKC, j£*B«8iT i g 
***** U 5 v h^CB*WTL aJaTT****, S 1 9 
OT'S^fJ^§itTS2 4 0t^tTL. S240TU 

a*fT;fc>*i.£ tsno izWff-tz . 

[0089] S 1 7 Ofc^ffUfcBHC. ft«r<?5* 

asm a n ^*miHic7)*«iffi*iscA n-ijjrrc*** 
^. sn orssgMsesfu s 2 1 0 izWn-tz . s 

2 1 0-m, eW<0*$SB§ISAn<Ofll*frilI<0*59E 
HHftAn-lfcftA-U j&WWTi gfcTO£K>Mlfc 

SftfiT r tum^tzmzwsrrh . 

[0090] S5<S22 0T(i. S 2 1 0T5SRL^ 
'Jmmr i g^ffi*<» ;£*li$J»<03IftRR#«fc LT^tf> 
J6*>6itfc»* U S -y h j&kBWHT L r J: 0 fc/hS 

WW L-Tfe 0 , *JgH)e3*l4 tS230 fcWf 

U S^W^§nstS24 0(c»fii-&. .rwfcK 

j£*B*»JT i gtfgft »J = -y HM^lTLr ± 0 t>'h 
£Vtf§£\ S2 20T#^W^$ix. S23 0l,zWn 
U S 2 3 OT'tis ii«y 5 >y hM^iTL rCDffi£ 

jfcwsarri gtcft/vr*. intcio. ^c^«8*^ 

LT Lit v\ rt^W^as&tjtlWR^^fcSr 
S^fcSrR&Vvt-V^. S23 Ocr>9mtf'<tfrtl&b , S 
24 0«fftl>. 
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[009US220 JSlWf LfcBte. ^KBfflT i g 

fmn y 5 -v y&mwt l r ia±T*6«*, s 2 2 

OX'^m^it. S24 0fc»fTU S24 0T14, 

m&z»mztitzM>k.tifMT i sizx }%jkzmK &k 

WftfrtiZ ksno izWff-fZ . 

[0092] z\<?)i. 0 ic, *j^mm®w!imx'te. s 

2 4 0X')&!kZ'ftob. SI lOlS&frU ±3&»m 

immLmtt&zbx. tiEMAnci-^^-c 

&kttMT i gSrJIftLT, jfeWJfflT i «*«HWU"C 

vxu-y hJvmsuzm^xj&kmMT i gs-swu-c 
is>mm.&£v*v<v b/mmizm^x&MZixt: 

j&k&mT i gZUfflmt LX. &k.mMT i g£3£lt 
§ ^ C b IZ£ ZWhSmt. A n CD^iMcS-^ . 
B$^HoJ!i$«««|^MItlrt. j&kMWT i g^$iJffliLT 

[0 0 93] S150ttM^»!Tig?:I 
20 S 1 6 OT»ttS*l**»ffSRAn 

*^ ilft§-fr^»m(^ai§n^S!)ffi^An-lJ;Ot> 
<%h%& ( S 1 7 OT^^^^S^) 

«i, mmm*mb%^tzb-¥mx°*h. r<D^y>. 

M<S1 8 OlCT^lHlO^AcBtWT i gSrMta^^* 
[0094] RJffc, S 1 5 OtCTjfeAc^T i gSrit 

A^-ti-^tc, s 1 6 ox-nta^ti^^m&tmAn 
if. mnz^mizn&zixttmmmLAn-mTi.z 

30 ^rS^ ( S 1 7 0V5jgH5e3*i.S*£) Cti, 

1 oi,zxdm<r>^mmT i g ^ift?«;tt\ <^ 

[ 0 0 9 5 ] * LX . ram»^«g«n«HE% tT V^ 
StOT*^<^, S110, S120. S140 s SI 
60KS240 0#X f v 0 M tmnZ tlX . 
^CBSJMT i g^^6EtijgcAn^S^V^T®ji=5rmtc 

40 ^itfcSMBT (Minimui Spark Advance for Best 
Torque ) KiS*l$»i£t££t_T . rtj8H8RI&jP&r* 

[0096] ^rfc, -*msmx'te. mnM.ra.tiXi/rn 

MTrli, ¥#>®feZ1viZffi£mb LX^htf. 

tf, m&ttmizmtxmfcztiz-iirgmbLxh^K 

y S «y hj&WJ8TL r {COV^T t> . mtt£. 
50 3WB«SWcitftT»«Sn*^n«itLTtJ:o. 
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[0 0 9 7] i)ts ai(;:*}VvCSB2*flIESigfflD£l! 

Lgi<ii:t-a-f*sftEaMkAn^»aiu. £<o*$&ff 
«±. amavh ummm) mzmz>ztit%<. 

[ 0 0 9 8 ] JJctC. 4^MfM<0aEttJtM«»l(=*7O 

aautMimsiM: , ftftmon&PBii&sft. t t mz 

[0099] H7 (C^-T J: 3 fc, SmiHttftBItfPRift 
>OBWWsJ:V^o»hiHI*ft«rr*. «<» S3 

S3 1 oizxm^.Lf^y^ymm^axx/^-y 
v>iffl&<v$mw—mmftizmLLx 

BrLTV^. *LX. S 3 2 OXn&Pl^tit t S 3 
4 0fcOTrU S3 20TS^i^*T.SfcS33 0(C 

[0100] S320 fcSgfff Lfclfcfc. F^jKNN^anE 
flOBtfaHtLTV^fc. S3 20T'S^fM$fL. S3 
3 0fc^lTr*. S33 0Tti, S3 1 0T"«l^$iut 

»je$*ifcwr*»fefl»Wtt«F i n*BBitrifcT 
M«StSF i nfcRfcU fflFLGIr'J* 
7h (RESET) U I^SSaj^^V^SPCNT 
Sr^'JTfS. «8FLGIi *3ft£ttftAn0> 

Jt»*frdfc»<?>««i»*»*ajs*ifci t 

%JJWS*ffij&>7-y*SPCNTtt. ^SftEtiStA 

**7yY-$-htz&><F>J]*7V?xfol,. S330<DHyi# 
'iffrtl&b. S4 6 0fc»ff-r&. 
[0101] -f-LT, S46 OT-ti. fi&CgiBSft*: 

iffVbti&t S3 l OfcHSfrr*. *3t. S320C^ 

tf (c . 1 1 v >s t , s 

3 2 0T#^W^$^ S34 0fc»fH-4. S3 4 0 
T'ti. WFLG#t-/h (SET) §ixT 
^fJBft-CfcO- ■&^J^^ill»fcS3 8 0^fiL. 
: ©&l i <J5£Sft£fcS3 50{C^?rr&. -cot^. ^ 
FLG*«J-te-y hSitT^Si, S 3 4 OTSJgPJJgS 
*U S3 5 0(C^-ri,. 

[0102] S 3 5 OX'IZ. t-T. S 3 1 OTSUtSft 



2 2 



KDEJj-tyy-i ibizxm&ztifz®imm^i>*3m 

( BTDC 9 0* CA)K270* CA (ATDC9 

o- ca) zx<7rtm.mm (ttrtE) 

^'f§irtffS:fflV%T^S!)ffmAn2:S[aj-rS. =5ri3. 
W5&E*iSAncog:ai^{i. 1fito/&U$g«MMil« 
COS 1 5 0X'<?>m&lZ&Vh%&tttmkX'hZ>. 
[0103] •£ L"C, *^it®Iffll«ia* 5 ll«§<Xi,S 
10 fcJMJ3#ufc, ©BtcOHJ^S^ailslSfcNffiO^fffgS: 
An{Cfc{tS«^«HiiJ;t/^S:»aiL, MMS* 
f«tt & £ t T* £>ix£<i£«g/¥% S tRj&r 

VK ¥^ffajKJ±Ja3<OftSC^^fflV^S. 
[0 104] 
[&2] 



-4 



Z(A n)'-nAn 
n 



20 [0105] 
[UC3] 



[0106] KrttJEffl&AnOflRbP, WWSg 

aj{±fft>=5rv\ $£>C. S3 5 0T-ti. IflWSgaj*? 
y^SPCNTSrliDK MytVXyh) tx. w& 
sn&X^y? s P c NTSrMfrfS . 
[0 1 07] «g<S3 60T'{S. W&sn.\£ti*7y?S 

30 pcnw, wmsnmm^a^x'h&^^mm 
^$ii&fcs4 6oc^-ri,. zcotz. wasnm 

^WSPCNm ^S^aiHIScNiOt^^ 
:S§£\ S3 6 0TS5gW5g$*U S 4 6 0 IZWiT^Z „ 
* LT. S 4 6 0-C(i. g^(CS:ai$^em'SStJIF 
i nfcT**WW*f?V\ «SmWlt* { ff^S fc S 3 1 
Olz&ft-fh. 

[0 108]*fc. S360tC^L^t, ^SH 

hj^^^spcnt^ ®msn\ii.m!.mj±X'hz> 

40 S3 6 0T#5£fJ5g$*U S3 7 0fc^ffT5. 

-g-UT, S37 0tl±, MBFLG^-fe-y h"t£. S3 
7 0co5!^l* t ^<XS*\ J>S^»i. S34 0CT"S-^ 
nfeZtlZt. SSSOt^SL. S380tli. 2 

•f. taky^fi ico&D-tyyi i bfc-c*ajSJhJC: 

7fttf90* CA (BTDC 9 0* CA) #>£>270* 
CA (ATDC9 0* CA) tXCDimEEiE^ (Wirt 

K) Sriza^, nsLA,tzm*i&zm^xs3 sox-co®. 
mtmmcoimfjmx^mmmmAni:M.iii-r?>. 
50 x. S3 5 oTniuLtii&stmmz. 
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mm^ti^mizmii^titz. micomismam^c. s4 4 0T5^w^$fiT s4 6o»ffi,, S4 

n«o*3&bsbra n KDitimnui Jtpp^srir 6 ox-ji, «tt(zjtms^KmtjiF i ni=T*sm 

iiJL, WWI*S¥*&ra*-*.r fcT»Mt*tt*flH& "ttt«fv\ *fw»a«fT*rfi.* t S 3 i otzmn- 

[0109]g<S390tl±. S38 0-C*ffiLftHI [ 0 1 1 5 ] Zcr>£ o IE, JeffltfJtMttNHrCtt. S4 

S/T^Sj^ £MJtW#ffEB#i: UTWRjgSix*; 6 0T««lt^ff7t. S3 1 OfcfWrU ±80% 

fco. mewesiiik S4 o ocgstru sjewss ^iVT^^jrajs^iftmi/wswMfc^v^ 

*l*kS4 3 0fc»ffrft. iOk*. «3£/¥%S# TMMttttF 1 nS-S^rLT, «SfliSS«F i n£ffl 
U-yySvhflje*LLJa"PC*&»&. S390T 10 flPl/CVVS. 

ttgHfcSfU S4 0 OfcfWr*"*. S4 0 O-Cli. fiS [0116] 3r*i» *»JEtt&AnO«l|tflgl±. 3131 

lUiiaawi. watr. *ffiUt*8&fffg»Anco(f*>o 

[0 1 1 0] Wt< S4 1 Otll S4 0 0tliUc«!J Stf/KK. «»KIB*^c«LTV>*C:f:*«L. R» 
fWMtSF i n(Offi*«, *W£S«<Dft8H®IMIi: LT v MI if. J*aiL3t*f3!ffif&StA n<Otf 

W>3e»feftfc"Mi«»JS»y S/bFLaiO fc/hS < . t 

VV&*5*»£WBfLT*i>K 1»£¥l£3tL&fcS4 2 0£ fcfcSr*. 

SfrU S3&RKS*l&i:S4 6 0fcWfr*. [0 117] ffittEBMtA nnPHMW 

$ , «B«3t* F i n #5Rtff U S'yhFLaJ; MAn tf9¥*=rC8fc-f hZt X'jEMlt LftdH/^ S 
Dfc**H»*. S4 1 0T*JgWjeS*lTS4 2 0fc 20 fc«€fflt SrJt^tTl*I«i!!«SB8cO«SM*t<SSrfiM-r4i 

»f?U S 4 2 OTIi. fltHlflMfty 5 -y h F L a<7) kX\ M&w&iz&tTWjm&j&grr < % 

mmmmzmM^rix ftmtmcwm#m& i o 1 1 s ] vxtmw ttix 3 c *sm$w*!yiT' 

T^mztchZk^m^X'^Z. S4 2 0O«Sl**ff4> tt, WB«JBbWCfl:L,TV>i t Zlzlt. 3L>i?ymm 

tthb. S 4 6 0 izmi-th . tiXX/xu v h/m^zM^xm\mSt IF i n £$0 

[0111] tfz. S4 1 OtcfWfUfcHfK, f9LTV^. *LT, 3ME*Qi**S36UTV^i:*fc: 

fiF i n&mmftmtV 5 -y l-FLajyji-C&&l§ Ji\ x>-^';4H]!!£fM3J:tfXo.y H;H^SCS-^V^Ti5 

^. S4 1 0-CS5t«5S$*lT S4 6 0 tzWff U S4 £S*lfc*fW»*F i nSr^ffifc LT> fimiSftffi 

6 0t«, **&=Sffi3*lJt«S*Wjt»*F i nKT«8 F i n*^S-^ik(CJ:4«»£aWtAnOWIW| 

wtttrv \ jmigit^^fLi. t s 3 1 0 test?*- 30 m<omizm-i\, ^x . ^mnw^^ni u . »4 

[0112] *fe s S 3 9 OC^ffLft^C. filll/^ [ 0 1 1 9 ] o£ y , S3 8 oizxntuztifcffim/y 

i%StfV->V=ivbWfemLLJ:9l>±Z^tg>-&. S %S*ty->"J 5>y hW^ttLLOTT-abSfc# (S3 

3 9 OT53eW3feS*l. S4 3 0fc»tft8. S4 3 0 9 0T-#5g¥"J££il.?>B*> fc«. ^»&>'£5gtT^ 

T'ti. «mi®af« F i n *TO£K> fe*L£j|&FWU F S fc «BrT'# l> . £ ^fc*'), gg< S 4 0 O TiKElWftHSl 

b«f»t*i*Lfc«te3QW*. «0«F i n£«S$-e& (£*?fcib£B;<-r& ) it 

[0 1 13]^<S44 0T'Ji, S4 3 0TJBRLfcfl| X\ l*I«l«W^»^|6j±^ll4«t ^tcLTV^I,. 

^fSMiF i ncon*^ m®mMs.nmm.mftmt lx i o 1 2 0 ] s 3 8 0 teTgaj^futfiii/^ 

W3e»fe*ut«««fi*l»*ys-y hFLbiyi,*# SAJu-^ys-yhfij^ttLLiyt^^^tt (S3 

V^*>5*»SrflK y . -t-^W^Sni. tS450(C 40 9 Ot'S^WS$ix§^f ) Wi. «KM*t^*qF^T'A 

WfsL. 5JgHje§*i4i: S4 hO\,zW^h. zcot ht^MX'^h. ZWtzth. U< S 4 3 0X'<X\s\cmm 

M^RSItaFi n**i«Stfimtt*y S-y FFLbJ: RiltSF i n^lfS:$ii:S (.ZmitZi&K^h ) it 

y t>^c^ s 4 4 oTHjgffljesirc s45oc r% Att«ii9oflm«s»3%'fi:s-«fr . 

WfiL, s450T-{i. «i*Wiisy 5>y hFLbo [0121] zlx. nmmv>mftmff ! £%. LTV> 

il^E^iSltfiF i ntcf^-f ,I<x(c«J: y , ffi^* &#JB#<tt<l8L S310, S320, S340. S3 

««*«ji«fc«jis/tr Liv\ i*jft!i«Ba<oanEttB5*« soks46o i x-o&xr- -y y jg tm^h. 

^ZfelZtch Zb&mrcm. S 4 5 0 «0«S®*<ff *> X . MntMS F i n A n <7)S^{|||{cS 

ftSi:, S4 6 0t^=h-r&. ^V^-CSjS^rfilfc^JWSixS. ifltciy, ftfcifv^ffl 

[01 14] S4 4 0»c»tfL3tlKfc. WW ^t=5r«»Sffi!ltfc ( y-VU 5 >y h ) T'<0^«i!SlSB3coa 
IF i ntfmmftm&V 5 -y h F L blilTT*>-S»J® 50 te*^|g(c=5ri». 
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[ 0 1 2 2 ] Srfc , JmSmWiA n WSKOJWBfctt. RR#ffi£: t T^y>5&/> £>iU:E G Ritfi iJ5.yhEL 



[0 1 24] ¥%tt£*H«-*«Sfc:, SS:3cO|f»^t-^ ELacOltfcEGRiEgrKttAtM.. S62 0<O5a 

TiK^tfJ)***. S4c0H-iC^xii. MSST'cW [0 130] H.tz. S6 1 OKSHrLfcRfc. EGRi 

%fflt*$& J E*ij@CAnt02il<7)T-5'-C- ;s F^$-Slif5-rS 10 E g r#E GRitiiD 5 -y HE L a tlTT' 



[01 25] Srfc. *£*0fCUL Bm&iiFaiSj: «f*fc:S£ajSfc.fcEGRiEg rfcTEGRfflffll 

tfSffltMiiF b{2. TORjeSflfcHjeafc U-CV^S ttfefctrW EGR$U^»ffr&>-*T;b*l& fc S 3 1 OlC^ 

i>£\\ tit. fmW&&Fb&jmM&&FaX*)t> [0131] 4fc. S 5 9 OlzW€Lt:t # , fflH/T 

^#v>^c|g^-^^>ii:T\ ^£5£3r«£4&KJIBfr ^> «O0 %S*>'EGR1'J $ -y hWJgffiE L J: *) i>*# v^&£\ 

mtmmzff ozt ^mizKc^ . a*. s59o-cs5g«5£$*u s6 3oksbw*. S63 

0 5 -y h F L a fcittfUtMSiliy S -y h F L b to 0T'(4, EGRiE g r bivfZE GRiSM 

UTt>J:V\ 20 [01 32] *£<S640Tfi. S 6 3 0T'jg£r USE 

[0126] J&mMcOEGR&fflmtmiZ'?^ GRiE g rCOMtiK EGRiE g r^MtiMi: t 

T. i8C*i7n- f-V-KC^oTittBJ-ri.. «IO T^tf>j£tf>&ilfcE GRfi^JIU = y hE L b «fc 0 

EGRasoffli^i. rt«Hara«oaaE*«raift$iis $v%a>sa>£«BiLTiJD, it-jgw^sfu. t s 6 5 o 

h. EGRiMWSlii. mm.fflW®®tm* EGRIEgr*5EGRi«iyS 7 hELbJ; 

m%®iW!mco%LixiimmT'$> zztfrt*. wm^m* o v s 6 4 o r*j@f«esn, s65oc» 

n-cr>XT"77'l,Z'0\\X\m-XT--/ymmnLXy *tU S6 50T12. EGRIMI1JS7 hELbcOffl 

*-^*-h£m:L. mmMm%mtm%:&&tt$:tt> £EGRiEgrl;:ftA-r&. S6 50<0*a3a*fif;btt 
'Ofc, EGR*$IJfflI5aBl{COV^TmTCIKBy1-r-&. S660C*fft6. 

[0127] SBSlfcWffll«^l{C*iV^TjBmiS»a 30 [0133] S 6 4 0 feSSfrUiRte. EGRi 

Fin^j^tV^S330, S 3 5 0 Idtf jErf E g r#EGRi«iU 5 <y hE LbJJLhTAS^-. 

EGRi$fl»*JlBl<y)S5 3 0, S550T*±. S3 S 6 4 OT'SftWSSft, S660(C^L. S660 

1 OX'WfeZtltz^>i;>\s}$mtiJ:TfAV'y h/HH* T'tt, «f£tl£aj Sit*: EGRiE g r CTEGRMff 
fcSo'WC, ^ifc^futV-yT*^ EGRiE g r if^V EGRfflfflHS^tf^S t S 3 1 Ot^ 
SrfiS&tMiT'EGRiEg r Srl&g LTV frTS. 

5 5 3 0<7)9mtf'i7b1X& b, S 6 6 0 izWfft^ . [0134] CIOJ: 5 C #EGRi&lJ»2a3IT-'«± % S 
[0128]-?-LT. S3 9 0t*fJS-f£S590T- 6 6 OT'EGR$iJfflliSf^Jfif^ i: . S3 10Cm. 

(i. S38 0T-gfflL*®H/¥*JS*<, EGRiifi JJ£0^£|g9&Lfl*rf i:T\ *2&©§&An 

l/C^ftRSSfufcE GRil/ 5 -y h^SME L (OS^iSlltJiV^T&^^ai^ixSiill/^StOja 
felTT-S>«.*^*»$:i|3|^tT*J0. #^fU^§iX^i:S 40 CS^^EGRiE g rSrSH&rLT, EGRiE g r 

6 0 0 \iZWu L - ith t S 6 3 0 fcSff*- SrSJffll LT OS . 

h . =5r*J. ^tt©J»«iat feJti. S400A^S46 [0135] JSLtBfiB L^ri: d tc. *E GRiStJWSIigi 

0*5. EGRi$iJfflli!!at=*>ttl» S 6 0 0*>4> S 6 6 0 T'«i. aHB«SS*WCUTV%S fc % tcli, xy>-'y(5]fe 

t^fJE-T & . mi i. X/X a -y WHlffiK:g-?V ^TEGRiEg riSI 

[0129] S590t^fifL^t^. mmy^S-¥ «tTV^. aPB«JB*^LTVi*4:*fc 

E GRi'J 5 -y hW^ilE LJilTTfcS^r. S 5 9 0 li, x^y*y|iMiiiWn -y h/IJH«fcaE^v>TSk 

T-#5gfJ5£$*7., S6 0 0(:^n. S600T-J4. ^^EGRiEgr^«!f tLt. EGRiEg 

EGRiEg r^^^^^cEGRiiiiEafift r fc*ffc3-frfc£ fc t X ^'mm^A ncoS^WHO 

m*Lfc«fc30Pi^-6. KS6 1 Otli, S 6 0 OT' ffi^S^V^t, rtm«K^M«®^JffiiL, EGRi 
SffL^EGRiEgr^il* 1 . EGRiE grOiii 50 E g r &©JffilLTV%S . 



S4Wtf^Srfflv^TtJ:v%. 
[0 123] 
[SC4] 



tS620i^fi : L. S^fl^$fL&i:S6 6 0tc^fi : 
■tS. ^C0t#. EGRiE g r^EGRiJMiU S -y 
bELaiO^l^, S6 10T*«flftS*l, S 
6 20l,zWifL. S6 2 0T'«. EGRitii'J 5 y h 



— (n-1 )xA„. + An 



S6 10T?53efl3eSils S6 6 0^fi=L, S6 6 0 
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[ 0 1 3 6 ] o£ >) . S3 8 0£T3i:ffi$;h.*:ffi3l/'¥ ^^il^jiftfiT i atff-WtftfctffcJB^rTi. 

^StfEGRSU SvhW^ttEL&TT'&Sfc^ (S [ 0 1 4 3 ] U< S 7 9 OT'Ji. S 7 8 OT'jBiPrL/dBI 

5 9 o-cfr^wssix*^) m&wm s %%.Lz mmmmmr i no^a*. ^i®it^o3t«i®*<it 

^&bmmX'%&. Z<7)tzib, m<S6 0 0T<mcOE LX^tbfe#>t>tltim%8fMmfiV$.vbTLi aiO 

GRaEgrSriia$«SitX% JJHBtf***)*** i,*^^*^WLTfeO. HSWSSfli fc S 8 

®*mzm-2-£2>J:olZbZ^h. OOC^ffL. S^ffi^it&fc S8 4 OliZWftth. 

[0137] tt, S 3 8 0 tCT&ajSft^m/T^ ZCOt S . MlSI*^T i n&«Itafta&IKft "JS»h 

S**EGRail *-y hW^fiEL«fc"3t>±S^k# (S TL i a£ *) t>*#^%£\ S 7 9 OT#5£«5££i-U 

590 rs^^six^^ ) mmm.tPt&'gx' s s o o cwf u s s o o x\± . RtsMaiiift y $ -y 

i>&.Ii£5ILTfc9s S6 3 0T<5ds]<7)EGR;fiEg 10 HTL i a^ffi£gmi«gtB*»!T i ntZftA-TZ. S8 

r £&fi£-£& d t X\ ftM®fflcotmtfM£ ! £&tZ 0 0 <Mm#fi*>ixZ> t . S 8 4 0 izWtftZ. 

[0 144] *L/t\ S 7 9 O^SL^d, S^ng 

[0138] rt^ffiMWSfe^®^*^LTV> m^MT i n«d|Wl«ffittftU S •/ h T L i aiHTX'h 

&«IB**«<IB» S310. S320, S340, S3 6*§£\ S 7 9 OT'S^lSSftT S 84 OfcfMTU 

80, S590*^S660^-C'^#^xyT**SOjg S84 OT'ti. figfctCffajSfUtamifiat^fSBT i nt 

tmf ZHX. E GRfiE g rtfimKm®A n^gf TflBMtttfcfrkV Gm^i***^*)*.* tSUO 

mmzm-i^xmmzmizMwztih. ztuzj; o s as tzwrtt . 

M«®^ffiT$^«.Cli:^< , 3fW%1C<7>?l££fl);i*: [0145] S 1 7 0fc8*?L*:l8H=. &£r<7yfr 

w&X'<vftmmm<7mmr5fm(,z%:& . j&e^a n#ftrisjoqirmE*iaA n-imTT-* 

[0 1 3 9] &*5. *mmmX'l±. EGRigftSEafc 20 S170T-^¥d«$ix, S81 Ofc^fff-*. S 

XTSE GRMME b Ji, fibm.^ix^m^fS.t LX 8 1 Ofte. fifioyPrS&EJggcA n^^MEco^E 

»6«JBMc*tr»jeS*l.4^nS«li: «RAn-lfcft*U SffilSt^aST i n£^«>Jgtf>4> 

LXhXW £tz. EGRSiiai) * -y hELaiJiV tifzMft&T i r fi{tg£H*fdg£Jg#r$-.g> . 

EGRI^l»JSyhELb(C^tt > 3MS [ 0 1 4 6 ] ^< S 8 2 Otli. S8 1 OT*|g$fU£g!i 

[ o 1 4 o ] , *mm<m&mM&fMM9mmt,z lx^^ ^ti^mmmmmn us-yhTLirio 

owe. m9i,z?jk-f7n-?*-bizi£->xmpn-tz>. Mn$v^s*>£«tl.t*>9. ttmizzti&bs8 

znmmatmmmmt. fimmnmztmithz 3 oishwtu ^w^iti.*: S84 o^wa-th. 

tiht mzrnmz *u nmmnw&z <?it-r a 2 -en ,r <o t s . M^isiw»8T i n wmsvmmto y 5 y h 

fT^fLS. KRi«miO!MfllWltt, j&tt*ffiM 30 TL i r J: 0 fc'h* V^«*. S 8 2 0T1tje ! H5&S:h.T 

fflljiia t S*W ; 5:iiJ»33iSOg£h.^S{i mUXX, hZt S 8 3 0 IZ&ft L . S 8 3 0 Tli . B«8J>I£l U 5 >y 

5!lS(*Ig*s|s|-^x-y r^oViT<±|3I-X -r-y ML i r <7)H5:«mi>B^B$^T i nCft^-TS. S8 

«»H«w««ffliw»fcov^Tfii [0147] -?-lt. ss 2 ojcfwf u^irk. ahem 

Tizmm-t h . mrMT i n a<mmmmmn us»mir jsihr » 
[oi4i] AXMHPHntc^b^Tjjbicwn s s 2 0 -cs^*fl^§<x-c s s 4 0 {z^sl,. 

Ti sMtmLCrv^Sl 30. SI 50(C«t5-r S84 0TB, «»KJWiSflfcfl»»i««B«HT i n fc 

s , «mimm»iHM»9(o s 7 3 0 . s 7 5 ot«. TiBm«st^firv\ »fmtt««ff tsnoi^ 

s 1 1 0 x-m%. § yisymmsmxvxn-y bji- n-tz. 

mmtzm^x. wRjestutv •yr^4>»i£tiai ! f^ 40 [ 0 1 a s ] zcr>z. 0 c, ^^mint^HMwisi-? 

«BTi nSrSSitfdtTH^iW^T i nSrlS^LT fcL S84 0tM^ff3 fc. S 1 1 OlZ&ftL. ±j£ 

*LT, S7 5 0T'(i. mymtirMTi njf (OKMSr^OigLllfi-rSC: ^ffifggcAntcS 

a6^»4>il^jl«aT i a^'ftjt^^fflCC^fr-ri. . -^T*!mi«itB«8T i n $rH«i LX , jBS^PM^fflT 

[0142] ifc. ^Ac^SiJfflltfcttS S180K in ttlW LTVift. feLfc^HBLfcJ: 3 

S240*5. ^PSftfB#^$lJfflIlcij(t* S780*^S mMfflmwmTit. M&vmw$ztt.Lx^z> tZlZli. 

84 otcwjcLTfeo. s 1 7 0izwifLtxmz. »fr x>-y>isi^j:^n.y h/^m&izm^xmim 

^*s&ffimAn*<ifrni^*^£E*&sii:An-ij:t5t>±^ ttB$«!Ti n&wwurv^*. -t L-T, mmwmt&fe 

S170T-#^W^$^ S780{^tf-f LTV^t^tcti. x^>->[5]SSgttjj;t/xa-y h;^ 

h. S 7 8 OT'ti. Wi^^EJiStA ncofflSTBtflHlO JK(^^V^T^$3h.7tjmi«StB#^T i n iW&mt 
tffiMAn-ltfUL.. M^WIt^T i nSr^» 50 L-T. immttmmT i nS-^bS-tt^CttJ:?,^!) 
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»ru mmtftmr i nzmmtx^z. [ o 1 5 5 1 jjll, *ftwcr>mmmz^xmmvti 

[ 0 1 4 9 ] Olfc 9 . S750 iZXimmtttiiMT i n XftWli. ±IEHifeffilt|iR^$^«, t^T'li^ , 

sritft^mtc s 1 6 0T-3?tf5$iT.&ir3&Bg&A n n«<nm&z&&z btfx't ^mmmx-a. ^ms. 

<%&t%i5 ( S 1 7 OT*56«3eS<t**^> fcii. ft C A*WWW-ftii:T3«ai,-CV^**, «itr, eh 

7 8 0 tr»:[iico^i@it^S8T i n zwhh z. t x\ %M^m&*^xtotoWMHi*wsi*h-tm&m^ 

10 [01 56] ifc, SfiEfc&ai^&E^^fcL-C 

[0150] U&tlZ. S 7 5 0fcT«mi«HB«HT i n «, j&kTyftlimMzffiz. hit. ^kT^^tf^m 

S 1 6 0TS:ajSixS^S!jEfgS:An &IRI*flsfc<7m:#x^>y h fc ill. CI 

^(si 7 ot-s^j^^s^-) cut. ft&ftjs v*. $ ^ic, *mmm&. wmnm&mxb&tK © 

*^i:^o/itfiJBrT'#l». m< S8 1 0 *Wfc«fi*"»^ft^Ortft«Rfcfcvvt, 

[0151] -f-LT> i*i«mBiioae«©^^UTvi [afficosm^Bj] 

««tt**«<HD. S110, S120, S140. SI [01] gatftanttftH^jftSCTKHBrcft 

6 0, SI 70, S78 0*>£>S8 4 0cD#X-r-y7'# 20 S. 

^OiiL«ff$n-c, fmmmmmTi nv^mmm [02] ^MflE^-fev-9-tj:o«iaiL^f*iffo^ 

Anfcscyv^TfiaKr«fc«iffl$fLS. znizx'o.m z*-twtwmx'$>&. 

mmmmmz. ftmm<mmtf&t>&\wmsit*im [03] ^K^y^m^xntauzmmmiEm 

[0152] =5rfc, *^S6PJT<i, ifeftfiT i afe [04 ] ^MfE^J-fe^feit^fgiF^if ilMff^Hr^ 

tfiRtf. Wm.W&t,zmiXWi.%.Ztih-sS$£m.t LTtJ: [05] *tt£Eflm*ll£L&l£«**ro91Er?ft 

V*. iSlt^Sffiffi^'J $ <y ML i afcil^Ptm &. 

JOSA y S v hTL i r{:-?v>ti, Mz.i£ . 3«E«IB 106 ] Mftmk J:-S»^c^^»JWj«MSr^-f70 

[0153] fcLLRiSUfcJ: dtc, #^Jfe0iJe7)f*im«IP9 [07 3 MttSaic Jr&^miSflPJt&SSr^l-f 7n- 

rt^MjfeAc7-7^tc:J:-?T^ffiU-CV^* J , ±5E^ltT9 [08] $9f»gfi£J:£EGR:l#JW!^£ai-r7u 

o- cAfr^iKtmgo- cAtx'commiz&v&wi -^-vx-hh. 

rtffifcjawc v>&£#>, • iSv#«fiy^x<7) [09 ] (Mizj:ijm««imitWJiS!$ltt 

t#T-££. *lx. K^vvnim.&!>a'*?7\,z& [010] iaj^^iv^r^^o^wth^ 

ltv->£„ $^>tc, ji^-bviM^ii^^^r^^^ai 40 [011] w&mn<^fo*mtt*mx't>h. 

■thmftmztuf&m&^mwizx&mmzmiELxG [012] ^E^y^jBvvci^L^^EE^ 

nftwwmx'U. m^K^mm^ma^-hzb^ ^s.-hh<rm^7n-ty^-7X'hh. 

x-i*h. [ 0 1 3 ] ff^-fe y+rtmy? rnm&z^twpm 

[0154] ioT, *9mm<7)ft®mmii. zcoxo -c&a. 

izm%.&<mii£titzim&mmz&'j^x . [»^<o»w] 

aa. £Mit . EGRSfciv«s^Ewaw^ i-ftmm. 1 1 - ^Acr^^. 1 1 a-±*A«, 

zztti^mzti:*. ztnzx^:mmm^±.^ 9Y®mm. 1 1 e-t'tm lif -^gp. 13- 

Sit*<f#. MSO|6]±^^%@O«^i:'Sr0S 50 -f^-f ^. 1 5-«MSWSf#, 1 7-EGRa>/, 
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